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The energy resource planning process for electric utilities in 
the Northwestern United States is unique because the region relies upon 
a mix of hydro and thermal resources. Consequently, methods used to 
study predominantly thermal or predominantly hydro systems are not 
applicable. Methods are needed to determine if a particular configura-
tion of resources will be adequate to meet future energy load, taking 
into account various sources of uncertainty. A literature survey of 
presently available methods is described, and one method is studied in 
some detail. A new method for analyzing systems that rely upon a mix 
of hydro and thermal resources is then described. 
The primary contributors to uncertainty in a hydro/thermal 
electricity supply system are: (1) uncertain rainfall and snowfall, 
which results in uncertain availability of hydro energy; (2) the 
uncertain arrival times of planned nuclear and coal plants; (3) uncer-
tain capacity factors for thermal plants; and (4) the uncertain amount 
of energy that customers will require in future years. The new model, 
called CHANCE, characterizes each of these ·uncertain phenomena with a 
probability density function. Mathematical convolution and an algorithm 
developed by the author are then used to determine the probability 
density function for the energy margin--the difference between supply 
and demand. Measures of the "energy adequacy" of the supply system are 
then computed from the energy margin probability density function. 
A computer program was designed so that the conceptual model 
can be easily applied to any desired electrical supply system. Once an 
appropriate set of input assumptions h2ve been determined, they are 
easily entered into the computer via a question and answer sequence and 
stored for future use. The computer program then computes the energy 
adequacy of the system. The user can then change assumptions and/or 
resource schedules via a question and answer sequence, and recompute the 
energy adequacy. The computer then prepares a report showing how the 
alternative assumptions and/or schedules compare. 
CHANCE has been applied to Pacific Power and Light Company, 
Portland, Oregon. At the present time, about half of their energy is 
generated by hydro plants and the other half is generated by coal plants. 
Only a small fraction is generated by nuclear plants. All planned 
additional generation is either coal-fired or nuclear-fired. The 
results of applying CHANCE indicate that planned resources are not 
likely to be adequate to meet the needs in the early 1980's. 
Several evaluation exercises have also been carried out. First, 
CHANCE was calibrated against other electrical energy planninb models 
used by Pacific Power and Light. Next, the sensitivity of the CHANCE 
model to changes in input assumptions was measured. As was anticipated, 
the model is highly sensitive to the assumed energy load forecast, 
to the assumed potential delays in the arrival of resources, and to 
the assumed thermal plant capacity factors. Thus, more research in 
these areas is warranted. 
Research that might lead to improvements in the CHANCE model is 
then outlined, and final conclusions are drawn. The final conclusions 
are that the CHANCE model: (1) is valid relative to the outlined scope, 
(2) is quite versatile and flexible, and (3) fulfills an important need 
in electrical energy planning. 
PREFACE 
The Systems Science Ph.D. Program encourages Ph.D. students 
interested in applied research to work for a company or government 
agency as part of their program of studies. This portion of their 
studies is called an "internship." This dissertation is based on 
research carried out while the author served as an intern at Pacific 
Power and Light Company. As such, it is somewhat different from a 
purely theoretically-oriented Ph.D. dissertation in that it documents 
an approach to solving a significant real-world problem. Consequently, 
its value lies in the clarity, completeness, and utility of the documen-
tation, and in the validity and appropriateness of the conceptual model 
and computer implementation that was developed. 
Although the research focused on a specific problem at a specific 
company, the results have been generalized and can be easily applied 
to other electricity supply systems in the Northwestern United States. 
The results can also be applied to electricity supply systems in other 
geographic regions that have similar natural resources and weather 
conditions. 
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CHAPTER I 
INTRODUCTION 
The importance of sensible energy planning is recognized by 
everyone. However, determining how much energy will be needed in the 
future and where it will come from is not a simple task. Electrical 
energy planning in the Pacific Northwest is particularly difficult at 
the present time because the era of unrestrained hydroelectric expan-
sion has drawn to a close. The old methods of planning are no longer 
adequate; new tools are needed to insure the adoption of sensible plans. 
This research studied the electrical energy planning needs in the 
Pacific Northwest and led to the development of a new tool called 
CHANCE. 
CHANCE determines the "chances" that an electrical energy supply 
system will be able to carry its energy load in future years. It is 
intended as a preliminary screening device to analyze alternative 
schedules for constructing new power plants, based on different assump-
tions about how well power plants will perform, power plant construction 
slippages, growth in demand for electricity, etc. There is a temptation 
to call such a model a reliability model, but "reliability" carries 
the undesirable connotation of being related primarily to something 
breaking down. 
Chapter II provides the context of the problem--a description of 
the electric energy planning process in the Northwest, a discussion of 
various models available to aid the planning process, and a literature 
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survey. A summary of the problem identified for the research concludes 
Chapter II. 
Chapter III briefly discusses the process which led to the 
solution of the identified problem. 
Chapter IV describes the resultant model. First, the overall 
conceptual model is summarized. Then. the selection of the base time 
period of analysis is discussed. The conceptual model is composed of 
three submodels: 
(1) A hydro submodel which represents the hydroelectric 
resources, 
(2) A thermal submodel whj.ch represents the nuclear and coal 
power plants, and 
(3) A load submodel which represents the demand for elec-
trical energy. 
Each of these submodels is described in detail. The final section of 
Chapter IV describes the output parameters of CHANCE. 
Chapter V documents the CHANCE computer program which carries out 
the prescribed calculations. First, an overview is given, the input 
data is summarized, and the structure of the computer program is out-
lined. The next five sections detail the actual use of the computer 
program. The last section indicates the procedure for maintaining the 
computer database for CHANCE. 
The model and computer program were applied to a specific elec-
tricity supply system, that of Pacific Power and Light Company (PP&L) in 
Portland, Oregon. This application is described in Chapter VI. The 
research carried out to determine the appropriate input assumptions is 
documented in the first four sections. The final section gives the 
results of the specific application. 
Chapter VII is an evaluation of the CHANCE model, and includes 
several studies: (1) a calibration of CHANCE against other available 
models, (2) an analysis of upper and lower limits, and (3) preliminary 
sensitivity analysis. The final section describes an exercise that 
was performed in order to establish the overall impact of the model 
on decision-makers. 
Chapter VIII indicates follow-on research that might lead to 
improved results. Chapter IX is the conclusion. References are cited 
next. Several items are appended: two sample reports printed by the 
computer program, an annotated session at a computer terminal, and 
copies of two survey questionnaires utilized during the research. For 
convenient reference, a key to abbreviations appears on the last page. 
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CHAPTER II 
THE PROBLEM CONTEXT 
This chapter begins with a discussion of electrical energy 
planning in the Northwest, with emphasis on the various energy planning 
needs. The models currently available to fulfill these needs are then 
described. Since the available models do not satisfy all of the needs, 
a literature search was undertaken. The search procedure and results 
are in the third section. The last section summarizes the problem. 
ELECTRICAL ENERGY PLANNING NEEDS 
Electric utilities have the responsibility for forecasting the 
demand for electricity by their customers, and then building neW power 
plants as needed. In the Northwestern United States, this has his-
torically meant building additional hydroelectric projects. However, 
nearly all of the potential hydroelectric sites have now been developed, 
and electric utilities are turning to other means for generating elec-
tricity. Even the Federal Bonneville Power Administration, which was 
created to market power from the Federal hydro projects in the Northwest, 
is seeking other sources of electricity. 
Electric utilities in the Northwest are predominantly turning to 
coal-fired and nuclear-fired, steam-electric generating stations. Low-
sulfur coal is plentiful in Montana and Wyoming. Nuclear power seems 
attractive because of its low incremental fuel costs. Since both coal 
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and nuclear plants operate by heating water into steam to run turbines, 
they are commonly referred to as thermal resources. The dilemma at 
most Northwest electric utilities is: which type of thermal plants 
to build, how large to build individual units, and how much new capacity 
is needed. 
In the past, when the hydroelectric potential was being developed, 
the dilemma was much less acute because the capital costs were sub-
stantially less and few persons were concerned about environmental 
degradation and other global issues. If an electric utility company 
built more generating capacity than it needed, the steadily increasing 
demand for electricity soon caught up. For a long period of time, 
electricity use was promoted because it reduced the incremental costs. 
Customer rates dropped steadily well into the 1960's. 
Now, with the costs of building and operating thermal power 
plants soaring, electric utilities in the Northwest are questioning 
the sensibility of planning on a "worst case" basis, i.e., building new 
power plants whenever there is any chance at all that energy demand 
will be greater than energy supply. The process for planning when to 
build new electric power generation :::-esources is being modified to 
reflect the shift from a totally hydro-based system to a mix of hydro-
electric generation and thermal generation. An example of the evolving 
power resource planning process for Northwest electric utilities is 
summarized by Arnoldi (1975). 
Because the analysis required to evaluate potential electric 
power resource plans is time-consuming and expensive, electric util-
ities would like to divide the analysis into two stages. A large 
number of alternative plans would first be evaluated in a preliminary 
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way. Many of the alternatives would be eliminated at this stage. 
Those that still appear viable would then be evaluated in a compre-
hensive fashion. The accumulated information on the alternatives then 
serves as a basis for decision. Figure I depicts the electrical energy 
resource planning process in aggregate fashion. 
Long-term energy load forecasts have historically been done by 
extrapolating historical data on total energy demand. In IT.ost cases, 
a long-term exponential growth rate of six to seven percent has been 
experienced. 
Alternative schedules of new resources are generated by the staff 
planners and executive managers of the various Northwest electric util-
ities. The problem is not how to generate alternatives, but rather how 
to determine whether or not an alternative is desirable. 
Preliminary energy-adequacy analysis indicates if a particular 
alternative would be able to supply enough energy, but doesn't take 
into account economic feasibility and a number of other factors. Its 
primary purpose is to act as a screen to eliminate clearly undesirable 
alternatives. Preliminary analysis must be easy to perform and reflect 
the shift toward increased use of thermal plants. 
The load profile forecast and analysis is performed by super-
imposing the historical load shape (for the short-term, with the trend 
removed) over the long-term load forecast. The alternatives are then 
analyzed to see if the energy needs for different time durations could 
be met. 
The detailed resource adequacy analysis involves the analysis 
of several components: (1) load-following ability, (2) production 
cost, (3) peak adequacy, and (4) energy adequacy. Also, individual 
load 
following 
ability 
Long-term 
Load 
Forecast 
Alternative 
Resource 
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Energy 
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no 
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---------------~-1------
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regional/ 
coordination 
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Figure l. 
process. 
Electrical energy generation resource planning 
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electric utilities must analyze their relationship to the entire 
Northwest region because each utility is part of a large inter-
connected grid. Any action by one utility affects the other utilities 
in the grid, so it is necessary to closely coordinate all activities. 
Load-following ability is the ability of an electrical energy 
supply system to respond to the minute-by-minute and hour-by-hour 
changes in the load on the system. Electrical power plants cannot 
instantaneously change their rate of energy production--thus, an 
electrical energy supply system may be capable of generating the 
required energy, but may not be able to keep up with the rate of 
change of the load. 
Production cost is the total cost of satisfying the load with 
a particular mix of resources. Major contributors to the production 
cost are fuel costs, costs of various contractual arrangements to buy 
power from other utilities in the grid, and maintenance costs. Two 
.alternatives may be equally capable of following load, but differ 
greatly in production cost. 
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Peak adequacy refers to whether or not the energy supply system 
can meet the maximum load that might be placed On it. The maximum is 
usually defined in terms of the "integrated hourly p~ak load," which is 
essentially the load averaged over a one-hour time period. The maximum 
integrated hourly peak load usually occurs on a cold winter morning. 
The ability of an energy supply system to meet this severe peak load 
with sufficient reserves to compensate for non-operational resources 
is referred to as its peak adequacy. 
Energy adequacy refers to the ability of an electrical energy 
supply system to meet its average load over long time periods. A 
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system may be able to meet short-term peak loads by running its hydro-
electric plants at full capacity, but not be able to meet its long-term 
average load because there isn't sufficient water in its reservoirs. 
The long-term average load is referred to as "energy load," as opposed 
to "peak load." 
AVAILABLE MODELS 
Every aspect of the planning process would benefit from further 
research and development. Explicit models are needed to help to 
illuminate underlying assumptions and to allow different aGsumptions 
to be easily tested. Some aspects of the planning process shown in 
Figure 1 are receiving their deserved attention. The National Economic 
Research Associates has developed for the Northwest Power Pool a 
sophisticated econometric model for forecasting electrical energy load 
in the Pacific Northwest. Individual Northwest electric utilities are 
also upgrading their various forecasting activities. 
The H1PACT Model 
Detailed resource-adequacy ~nalysis is presently accomplished by 
several models. At PP&L, the IMPACT model (Wilson 1976) serves as a 
preliminary production costing model, which takes into account the 
coordination agreement among Northwest utilities. It is used to help 
determine future costs and to evaluate potential resource schedules. 
IMPACT is being improved continually by PP&L and could serve as the 
basis for a full-scale production cost model. The IMPACT model assumes 
that thermal plants will produce a set fraction of their peak capacity 
and that planned resources will arrive at predetermined dates. IMPACT 
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uses fixed-point estimates for future loads. Since rainfall is unpre-
dictable and leads to substantial variation in the amount of energy 
available from hydro resources, IMPACT repeats its calculations with 
different hydro assumptions. The user can then get a feel for the 
range of possible outputs by inspecting the results for the different 
hydro assumptions. The output of IMPACT is the cost of energy produc-
tion. The computer program executes in batch mode, using a deck of 
computer cards. It requires considerable effort to test a set of 
alternative assumptions. 
The Load and Resource Study 
Another model used by Northwest electric utilities is some form 
of analysis of forecasted loads versus projected resources, by month. 
PP&L calls its analysis the "Load and Resource Study," which is used 
to determine both peak adequacy and energy adequacy. The Load and 
Resource Study at PP&L is very similar to the IMPACT model, except that 
the variation in hydro resources isn't analyzed and costs are not com-
puted. The Load and Resource Study serves primarily as an adding 
machine and report generator, and is not actually a "model" at all. 
It simply sums up the expected resources (assuming adverse hydro con-
ditions) and subtracts the forecasted loads. The computer program 
operates in batch mode and requires much effort to change input 
assumptions. 
The Energy Reserve Planning Model 
The Energy Reserve Planning Model (ERPM) was developed by the 
Northwest Power Pool to probabi1istically model the electrical energy 
supply system of the entire Northwest (Schultz and Duncan 1975). ERPM 
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is the only presently available model which is designed to account for 
uncertainty in thermal resources. It will be studied in some detail 
in the following subsections. First, a basic desc~iption of the ERPM 
model is given. Then, its probabilistic aspects are analyzed. The 
third subsection summarizes the findings. 
Basic Description of ERPM. ERPM is essentially a Monte Carlo 
simulation (see, for example, Vollman 1973) of the entire Northwest 
area, and is divided into four submodels: (1) an energy load submodel, 
(2) a thermal plant arrival submodel, (3) a thermal plant availability 
submodel, and (4) a hydro system submodel. Each year is divided into 
three seasons, and the simulation is carried out season by season. 
The energy load submode1 is simply a tabulated time series (by 
season) of point estimates of the total Northwest energy load, which 
is taken from the West Group Forecast, a cooperative forecast to which 
all of the Northwest utilities contribute. 
* The thermal plant arrival submodel assumes that a Lognormal 
probability density function (hereafter referred to as a PDF) correctly 
represents the likelihood that plants will arrive at any given time. 
Appropriate parameters are chosen for each plant, depending on the type 
of plant and its current state of development. 
The thermal plant availability submodel assumes that the effec-
tive plant factor for a given plant is the product of four factors: 
* 
(1) Existence: 
(2) AAM: 
Zero before plant arrives, fractional 
during the season it arrives, and one 
thereafter. 
Availability after maintenance = 1 - I'fAINT, 
where MAINT = 0 the first year and a fixed 
fraction during each period thereafter. 
Where the logarithm of the parameter behaves according to a Normal PDF. 
(3) GO/NOGO: For nuclear plants there is a chance 
(NOGO) that the plant will be down an 
entire season. NOGO is high for an 
immature plant and low for a mature one 
(GO/NOGO = 1 - NOGO). 
(4) Plant Factor: Given that a plant operates for a full 
period, the model assumes that an 
exponential PDF describes the likeli-
hood that a given amount of energy is 
generated during that period. The 
mean of this PDF (PLFACT) depends on 
the maturity and type of plant. 
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The hydro system submodel simulates, in an aggregate fashion, the 
fill-up and drafting of the hydro reservoirs. Given the energy load 
and thermal energy supply, the model simulates the hydro system planning 
process and samples from a synthetic 94-year stream flow record 
(Schultz and Duncan 1975) to determine the stream flow. The model 
then uses a rather detailed algorithm to simulate operation of the 
reservoirs (designed to replicate, as nearly as possible, the fashion 
in which the Northwest hydro system would be operated under those 
c.ondi t ions) . 
Each "galne" of the Monte Carlo simulation runs in the following 
fashion: 
(1) Determine the arrival of each thermal plant. 
(2) Compute the energy production of each thermal plant 
during each season of the forecast period. 
(3) Subtract the total thermal energy production for each 
season from the energy load forecast for each season; 
the result is called the "residual load." 
(4) Call the hydro system model and attempt to meet the 
residual load for each season. Record the final 
deficit or surplus for each season. 
After all the games are played (normally 500), a separate program 
searches the output tape and computes the percentage of games for each 
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year in which one or more seasons showed a deficit. This is called the 
probability of deficit for that year. 
ERPM is designed with an eye toward flexibility of use, particu-
larly in the hydro sUbmodel. The Northwest Power Pool can use it to 
study proposed changes in the hydro regulations, such as the Pacific 
Northwest Coordination Agreement. The price for this flexibility is 
the increased cost of simulating the hydro operation. Furthermore, 
since the information which may be desired by future users isn't known, 
the ERPM computer program operates in batch mode and generates an output 
tape containing detailed information on every game. As a result, users 
wishing to test a particular hypothesis may have to expend considerable 
effort. Users must code up the new input assumptions, rerun the simula-
tion, and then run a program to extract the desired output data from 
the output tape. It might also be necessary to write a computer program 
to process the output data into the desired format. 
An Analysis of the Probabilistic Aspects of ERPM. To better 
understand the probabilistic aspects of ERPM, a different perspective 
is taken. Instead of focusing on individual games, attention is 
shifted to individual seasons. From this perspective, it is useful to 
redefine the AAM factor so as to include the effects of the "existence" 
factor. Using this interpretation, AAM has six possible values: zero 
if the plant hasn't arrived, .25 if the plant arrives in time to run 
one month, .5 if the plant arr.ives in time to run two months, .75 if 
the plant arrives in time to run three months, 1.0 if the plant arrives 
during the year prior to the period, and I - MAINT if the plant arrives 
more than a year prior to the period. 
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The likelihood of each of these values is a function of time and 
the scheduled arrival of the plant. If the time period is prior to the 
scheduled arrival, then zero is the most likely value. If the time 
period is near the scheduled arrival, then the fractional values are 
quite likely. If the time period is long after the schedl~ed arrival, 
AAM is most likely to be I - MAINT. The relative probabilities of 
the possible values of AAM at a particular time constitute a PDF for 
AAM at that point in time. The probabilities are computed from the 
plant arrival parameters using the Lognormal plant arrival submodel. 
Figure 2 shows the AAM PDF's for different seasons near the scheduled 
arrival of a plant. 
The GO/NOCO factor and plant factor remain basically the same. 
However, NOGO and PLFACT (the parameters of their respective PDF's) 
are not independent of AAM because they depend on the maturity of the 
plaut. 
Thus, the effective plant factor for a given plant in a specific 
season would be determined as follows: 
(1) determine the probabilities for the AAM PDF from the 
arrival parameters, 
(2) obtain AAJf by sampling from the AAM PDF, 
(3) depending on the result, set NOCO and PLFACT, 
(4) obtain the CO/NOGO factor by sampling from the two-state 
(zero or one) PDF having the parameter NOGO, 
(5) obtain the plant factor by sampling from the exponential 
PDF having the parameter PLFACT, 
(6) the effective plant factor = AAM * GO/NOGO * PLFACT. 
The effective plant factor PDF for a given plant in a specific 
season could be determined by repeating steps 2 through 6 a large 
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Figure 3. AAM PDF's used by the Energy Reserve Planning Model. 
number of times, creating a histogram for the effective plant factor. 
The histogram converges to the PDF as the number of samples approaches 
infinity. 
Findings. From a conceptual point of view, the ERPM model seems 
sound. One could quibble about whether or not the Lognormal arrival 
submodel is appropriate or whether or not an exponential plant factor 
PDF is the most suitable. Also, perhaps the GO/NOGO factor should 
apply to all plants and allow for forced outages of different lengths 
instead of "out the whole season" or "not out at all." However, these 
objections are minnr. 
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As the authors of ERPM have pointed out, consideration of 
stochastic loads, and perhaps stochastic maintenance, would be an impor-
tant improvement of the ERPM model. ERPM has two main drawbacks: 
(1) the computer program is awkward to experiment with, and (2) the 
conceptual model requires a lot of computation. If it weren't for 
the computational requirements, ERPM could simply be reprogrammed to 
make it easier to explore the effects of alternative assumptions. In 
order to reduce the computational requirements of the model withollt 
seriously reducing the quality of the results, additional research 
will have to be performed. The ERPM model provides an excellent 
starting point for such research. 
LITERATURE SEARCH 
A literature search was undertaken to determine if electrical 
energy planning models described in the literature might fulfill the 
needs of the electrical energy planning process described in Figure 1. 
Much of the relevant literature is in the power system reliability 
field. An excellent annotated bibliography on the application of prob-
ability methods in power system reliability evaluation has been prepared 
by Billinton (1972). He divides his bibliography into six areas: 
(A) Static Generating Capacity Reliability Evaluation, 
(B) Spinning Generating Capacity Reliability Evaluation, 
(C) Transmission System Reliability Evaluation, 
(D) Equipment Outage Data, 
(E) General Considerations, and 
(F) Theory. 
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He gives the historical development in each area and then cites refer-
ences. In total, Billinton provides over 200 references. 
Nearly all of the references cited by Billinton are concerned 
with peak load and peak generating capacity. In most of the United 
States and throughout most of the world, electrical power supply 
systems depend primarily on thermal power plants. Provided that ade-
quate fuel (coal, oil, gas, uranium) is available, such systems can 
always meet energy loads if they can meet peak loads. Thus, most of 
the research has concentrated on methods for determining the peak load 
that a given configuration of power plants can safely carry. Three 
major approaches are the "Loss-of-Load Approach," "Loss of Energy 
Approach," and the "Frequency and Duration of Outage Approach." A 
summary and sample application of each of these was prepared by the 
AlEE Subcommittee On Application of Probability Methods (1961). None 
of these methods is relevant to a power system with considerable hydro 
generation capacity for carrying peak loads (as in the Northwest). 
Since the Billinton bibliography is a few years old, and since 
other fields may have methodologies relevant to the Northwest electrical 
energy situation, the literature search was continued. 
More recent publications in power system reliability include 
Billinton and Singh (1972), Billinton, et al (1973), Patton (1972). 
Schaller (1972), and Day, et al (1972). These articles describe alter-
native measures of reliability from a peak load point of view and can 
be considered extensions and modifications of the approaches described 
earlier. Booth describes a power system simulation model for d~ter­
mining reliability (1972a) and an approach for optimizing generation 
planning (1972b). The model is designed for predominantly thermal 
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systems and is closely related to the techniques mentioned earlier. 
Taking a slightly different approach, Oatman and Hamant (1973) describe 
a dynamic approach to electrical generation planning. This approach 
also applies only to predominantly thermal systems. 
Another area of research which may be pertinent to the Northwest 
electrical energy situation is the study of interconnected power 
systems. Some key references are cited by Billinton (1972). Other 
references are Dillard and Baldwin (1963), Holditch (1967), Cohn (1973), 
and Volkenau (1972). Again, the emphasis in these articles is on peak 
load and peak capacity. 
A computer program to simultaneously calculate production cost 
and evaluate reliability is described by Peschon (1972). This program 
is also based on peak analysis. 
There does not appear to be published material on the analysis 
of energy supply systems which have a substantial percentage of both 
hydro resources and thermal resources. 
SUMMARY OF THE PROBLEM 
Electrical energy planning in the Northwest is undergoing changes 
because of the increasing dependence on thermal power plants. Most 
of the available planning models do not adequately account for the 
uncertainty: (1) in thermal power plant production and (2) of potential 
delays in building thermal power plants. The one planning model which 
adequately accounts for uncertainty requires considerable computation 
and is not easily used for testing a wide variety of alternative 
resource plans. Furthermore, appropriate models are not available in 
the literature. 
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A model is needed to permit electrical energy planners to effec-
tively and sensibly screen potential resource plans. To do this, the 
model must be designed in such a way that a set of resources shown to 
be inadequate would also be inadequate if more detailed analysis were 
performed. Since the substantial hydroelectric resources in the 
Northwest provide excellent capacity to meet peak load requirements, 
the screening model need not consider peak aspectS. However, since 
hydro projects derive their energy from irregular stream flows, they 
are designed to operate much of the time at far below full capacity. 
Consequently, the Northwest is much more susceptible to energy shortages 
than peak deficiencies as long as the percentage of hydro is large. 
Thus, the screening model must account for energy loads and resourceS. 
Since the screening is only a preliminary analysis, resource 
alternatives which seem favorable based on the results of the screening 
model must be probabilistically analyzed in greater detail. Such 
analysis will require a more thorough treatment of many factors, such 
as the operating characteristics and limitations of the hydro system, 
thermal plant maintenance, the interaction between individual utilities 
and the rest of the region, economic factors, load shape and duration, 
etc. A model of this caliber is beyond the scope of this research; 
however, building a more modest screening model will provide valuable 
insights which will help evolve more comprehensive models. 
Guidelines for Developing a Screening Model 
The model must allow electrical generation resource planners to 
study and compare a variety of alternative resource plans by determining 
the energy adequacy of the power supply system resulting from each plan. 
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Furthermore, the model must allow planners to easily test the sensitiv-
ity of the model to different plant factor assumptions, load growth 
rates, etc. For example, a user may wish to study the consequences of: 
(1) changes in power plant schedules, (2) the addition of new resources, 
(3) alternative load forecasts, (4) different thermal plant energy-
capability factors, (5) a nuclear moratorium, etc. These studies 
should be easy to perform, inexpensive, and provide answers to ques-
tions in a very short period of time. In order to do this, the model 
must, by necessity, treat power system components as aggregate prob-
abilistic variables rather than using a more detailed simulation 
approach. However, there is a risk that the information obtained from 
such an aggregate approach may not be meaningful or useful. Thus, one 
aim of the research is to determine if an aggregate probability approach 
is appropriate. 
Any computer programs required by the model must be easy to use 
and modular, so that they may be linked into the larger planning system 
as it is developed. Care should be taken to maintain maximum flexibil-
ity; all subprograms (modules) of the computer program should be auton-
omous, to permit their structure to be easily modified, and to allow 
the infrastructure connecting them to be easily altered. It must be 
easy to add modules or modify modules when the results of follow-on 
studies are known. 
The computer program should allow the user to experiment with 
different assumptions and immediately see the results of those assump-
tions. If this is the case, the user can have a particular goal in 
mind as he runs the model. He may begin with one alternative and then 
formulate the second alternative after seeing the results of the first 
alternative, and so on. In this way, the computer model becomes 
directly involved in the user's learning process. This is preferable 
to having the user predetermine all the alternatives before going to 
the computer. 
In summary, the scope of the screening model is limited. It 
should be able to determine the probability that a given schedule of 
resources is inadequate to meet future energy loads; however, it need 
not determine the overall merit of a given schedule of resources. 
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CHAPTER III 
THE MODEL DEVELOPMENT PROCESS 
This chapter describes the process that led to the development 
of the CHANCE model for screening electrical energy plans. The model 
itself is described in the next chapter. 
First, a number of persons at PP&L and the Northwest Power Pool 
were interviewed. The logical starting point seemed to be the Energy 
Reserve Planning Model described in the previous chapter. A skeleton 
model was developed, and a preliminary proposal was written and circu-
lated. The feedback received was incorporated, and the process of 
filling in the details was begun. 
Data on thermal power plant characteristics, hydroelectric gen-
eration, and energy loads were collected and analyzed. The various 
sources of uncertainty were identified, and histograms were constructed 
whenever possible (see Chapter IV). A particularly vexing problem was 
how to combine information about the uncertain arrival of a planned 
thermal resource with information about the uncertain energy production 
of the resource once it arrives. Eventually, a complete theoretical 
model crystalized, and a detailed description was written and circulated. 
The comments indicated that the model was inadequate in certain 
respects, so additional research was done. An addendum was written and 
circulated. This time, the responses indicated that the conceptual 
model was consistent with the scope outlined. 
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Computer implementation was then started. It became immediately 
apparent that computer-imposed restrictions would necessitate some 
changes in the model. Additional research was carried out, and an 
alternative formulation was developed.· The alternative formulation 
requires less computation and is used in the computer program in place 
of the original formulation in certain cases. 
After the computational core of the computer program was completed 
and tested, the user interfaces were programmed and a user's guide was 
written. A workshop was given to test the user interfaces and user's 
guide. Improvements suggested by attendees were incorporated, and the 
user's guide was revised. 
The final version of the conceptual model is described in 
Chapter IV. The computer program is described in Chapter V. 
CHAPTER IV 
THE RESULTANT MODEL 
This chapter is divided into six parts. First, the overall 
conceptual model is described. Second, the problem of selecting an 
appropriate time period of analysis is discussed. Next, the various 
submodels are described. The last section discusses the output 
parameters. 
THE OVERALL CONCEPTUAL MODEL FOR ENERGY ADEQUACY 
The output of CHANCE is a preliminary measure of energy adequacy. 
One possible measure could be the probability that the energy supply 
system will be able to meet the energy demand. But what would this 
mean? In the end, power generated equals power used. When hydro 
reservoirs are low or during a power plant failure, customers would be 
requested to reduce energy usage. The energy supply system might then 
be able to meet the reduced energy load. Such a system is clearly less 
adequate than one which avoided any reduction. Consequently, the CHANCE 
model assumes that a suitable indicator of the energy adequacy of an 
energy supply system is the probability that a reduction in energy con-
sumption is not required. Making this assumption skirts the problems 
of developing a model which specifically accounts for the interaction 
between supply of energy and demand for energy. The resulting model 
is much simpler and can still be used to screen out unsuitable resource 
schedules as desired. 
Reduction in energy load is necessary when energy load during a 
given time period would exceed energy supply during that time period 
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if overt actions were not taken. Obviously, the time period over which 
energy load and energy supply are compared must be carefully selected 
so that imbalances can be easily seen. As will be shown in the next 
section, the fiscal year (July to June) seems to be the most appropriate 
time period for preliminary analysis. Over a fiscal-year time period, 
energy load and energy capability are treated as independent (as a 
starting point for planning). Energy capability, hereafter referred 
to as EC, is the amount of energy the system is capable of producing 
(as opposed to what it actually produces, which is equal to the load). 
The difference between EC and energy load is referred to as the energy 
margin--positive when a surplus of EC exists and negative when EC is 
inadequate. In order to compute the probability that EC is adequate, 
CHANCE determines the probability density function (PDF) for PP&L's 
energy margin in future time periods (referred to as the EMPDF). The 
EMPDF is a function of the resource schedule, resource assumptions, and 
energy load assumptions. 
As an example, assume that the EC and the energy load for a par-
ticular time period could each be represented by a Normal (bell-shaped) 
PDF. The resulting energy margin would also be characterized by a 
Normal PDF. Figure 3 shows a hypothetical set of such PDF's. From the 
EMPDF, various indicators of the energy adequacy, such as the probabil-
ity of negative energy margin and the expected energy margin, can easily 
be determined. 
However, there is no a priori reason to believe that the EC PDF 
and the energy load PDF should be Normal. The various sources of 
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Figure 3. Hypothetical EC PDF, Energy Load PDF, and EMPDF. 
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uncertainty (variation) in EC and energy load must be studied to see 
if the assumption of Normality is reasonable. A company's total EC is 
the sum of the EC for its hydro resources and the EC for its thermal 
resources (coal plants, nuclear plants, etc.). Hydro EC and thermal EC 
are treated as independent submodels, even though their opera·.ion is 
coordinated. This is reasonable because energy capability is the amount 
of energy that could be generated if full energy were requested. Under 
normal operation, less than full output is required, and complex algo-
rithms are used to determine the energy to be generated by each re-
source. Under full operation, however, hydro resources and thermal 
resources can be treated as independent. Thus, the hydro resources and 
thermal resources are treated as separate submodels in CHANCE. As 
mentioned earlier, the energy load is assumed to be independent of the 
resources, and can therefore also be treated as a third submodel. Each 
submodel is described separately in the sections which follow. 
As shown later, the thermal EC cannot be treated as having a 
Normal PDF. Thus, the EMPDF is not Normal and the EMPDF parameters 
cannot be directly obtained from the load and resource data. Instead, 
the thermal EC PDF, the hydro EC PDF, and the energy load PDF must be 
combined numerically. One well-known method for computing the PDF for 
the sum of random variables is the Monte Carlo method (see, for example, 
Vollman 1973). This method was employed during the early phases of 
implementation but found to take far too much computer time. For 
example, it took two minutes of CPU time and ten minutes of terminal 
wait time for the computer to perform a 200-game Monte Carlo corres-
ponding to one planning year. Since 500 games is considered minimum, 
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even if the efficiency were increased by a factor of ten, it would take 
almost a half an hour to do the required calculations for ten planning 
years. This would not have been acceptable as a terminal-interactive 
computer program. 
Fortunately, there is an alternative method for computing the PDF 
of the sum of probabilistic variables. This method, called convolution 
(Healy 1969), relies upon a systematic algorithm, rather than random 
sampling as in the Monte Carlo method. Since the Monte Carlo method 
requires such a large number of games in order to obtain convergence, 
convolution can· often obtain satisfactory results with less computer 
time. Based on the results of the various submodels, CHANCE uses dis-
creet convolution to compute the EMPDF for future planning periods. 
The EMPDF is then analyzed to determine various ind1cators of 
energy adequacy, as discussed in the final section of this chapter. 
Figure 4 summarizes the overall conceptual model. 
TIME PERIOD OF ANALYSIS 
Ideally, the time period should be chosen so that (1) each period 
is relatively independent and (2) energy adequacy within each time 
period is relatively constant. If such a time period existed, then 
interconnection between time periods and energy adequacy over shorter 
times within the period would not have to be analyzed. Unfortunately, 
a single time period with both thp. above properties exists only as an 
approximation. If the time periods are not independent, then a Monte 
Carlo simulation approach is required, which calls for more computation 
than can be performed in an interactive mode. If energy adequacy varies 
r-
I 
I 
I 
I 
I 
I 
L 
---------, 
r-
______ 1-
--, 
e. I 
., 
1 
, 
1 
r...------~-
FUTURE PLANT 
ARRIVAL PDF 
PLANT 
FACTOR 
PDF 
THE: TIME: PERIOD 
~OTE: This entire procesj is repeated for each time period to be analyzed. 
KEY': 
o denotes a transformation or operation 
- --'--
FUTURE 
TIlERMAL 
EC PDF 
I 
I 
I 
I 
I 
I 
___ -1 
TOTAL EXIST-
ING TIlERMAL 
EC PDF 
HYDRO 
EC PDF 
LOAD 
EC PDF 
D denotes an input or result 
Figure 4. Overview of conceptual model. 
TOTAL FUTURE 
THER.'lAL 
EC PDF 
TOTAL 
EC PDF 
EMPDF 
29 
30 
considerably during the time period, then there is no assurance that 
the system is energy--adequate over shorter time periods. A model based 
on such a time period is useful only if analysis of shorter time periods 
is done in parallel. 
Various time periods are potentially useful: month, season, and 
year. Since probabilistic analysis by month would require a compli-
cated model and substantial computer time, it could not be programmed 
to operate in a terminal-interactive mode. Thus, it was rejected as 
an unreasonable time period relative to the scope of the research. 
Dividing the year into seasons would significantly reduce the 
amount of computer time required and simplify the model; however, the 
activities taking place in one season greatly affect the following 
season. This means that a Monte Carlo approach is still required. 
As mentioned earlier, Monte Carlo is not feasible in a terminal-
* interactive computer program. Convolution cannot be used because the 
relationships governing the season-by-season operation of a hydro gen-
erating system cannot be viewed as the summation of independent prob-
abilistic variables. Thus, rather than base CHANCE on a seasonal time 
period, the capability is provided so that specific seasons can be 
analyzed to determine the sensitivity of CHANCE to the time period used 
(see Chapter VII). 
Consequently, the base time period for CHANCE is the fiscal year. 
The fiscal-year energy adequacy serves quite well as a screening mech-
anism and as a reasonable first approximation to the overall energy 
* At least when using CPS (Conversational Programming System), 
the only terminal-interactive facility available at PP&L. 
adequacy (it satisfies the previously-mentioned criteria better than 
any other single time period). In addition, the underlying model is 
simple enough to implement within the constraints of a small-scale 
project. 
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There is always the danger that using a fiscal year may hide 
inadequacies within the year. For example, the "drawdown" period for 
the hydro system (about September to April) may actually be more crit-
ical than the fiscal year asa whole, because energy arriving with the 
spring runoff cannot be shifted into the earlier months when it might 
be needed. Thus, using the fiscal year may tend to overstate energy 
adequacy in some situations. 
On the other hand, the Pacific Northwest Coordination Agreement 
allows member companies to "borrow," if necessary, from their future EC, 
provided that they can demonstrate the ability to pay it back (and pro-
vided that the region as a whole has the energy to loan). This would 
imply that using a fiscal-year time period may understate energy ade-
quacy in some cases because a deficiency in one year could be covered 
by a surplus in the following year, when a new power plant might come 
on line. 
Another factor to be considered in time period selection is the 
periodic maintenance of thermal power plants. Plant maintenance plays 
an important role in determining energy adequacy. Since a company has 
some control over when the maintenance is done, it might be possible 
to schedule maintenance to minimize vulnerability to energy shortages 
during the hydro drawdown period. This would tend to improve the argu-
ment for basing CHANCE on a fiscal-year time period. However, 
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maintenance scheduling is a complicated process that takes into account: 
many factors other than energy adequacy and cannot be counted on to 
minimize vulnerability to energy shortages during the hydro drawdown 
period. 
Taking all of this into account, the fiscal year seems to be the 
best single time period on which to base CHANCE. 
THE HYDRO SUBMODEL 
The output of the hydro submodel is a PDF for the energy that a 
company can expect to obtain from its aggregate hydro resources in future 
time periods. Most Northwest utilities own several hydro power sta-
tions and have contracts for a share of the energy generated by hydro 
projects on the mid-portion of the Columbia River. Many utilities also 
have contracts for fixed blocks of hydro energy. These blocks of energy 
are not weather-dependent, and are therefore accounted for as fixed 
contracts rather than being included in the hydro submodel. 
The hydro energy generation from the various river systems is 
highly correlated. Thus, it is not possible to compute the aggregate 
PDF from the PDF's for each river system. Instead, the aggregate hydro 
EC PDF must be developed directly from data regarding the total energy 
output of all of the company's weather-dependent hydro resources. 
Since hydro storage capacity and hydro generating capacity have 
been continually changing over the last fifty years, historical hydro 
energy output data cannot be directly used to determine the hydro EC PDF. 
Instead, historical water flml data are used as input to a large com-
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in the system as it exists today or will exist in future years. This 
simulation, referred to as the BPA WGF regulation, is updated annually 
by the Bonneville Power Administration (BPA). Its output is the monthly 
generation of each plant for the next ten years depending on the assumed 
water flow. Forty different years of monthly water flow data are run 
through the simulation model, thus making it possible to develop PDF's 
for time periods of any desired length. 
There is a minor complication. Even though it assumes an unlim-
ited market for power, the BPA WGF regulation is influenced somewhat 
by the arrival date of thermal resources. Thus, errors may be intro-
duced if the BPA WGF regulation is used to develop a hydro EC PDF which 
is subsequently combined with a thermal EC PDF by assuming they are 
independent. However, according to BPA, the fiscal-year average energy 
is affected only slightly by changing thermal assumptions (the variation 
is less than 2%). Thus, conSidering the scope of CHANCE, such potential 
errors will be ignored. 
Northwest utilities use the output of the BPA WGF regulation as 
input to the other planning models mentioned in Chapter II. The data 
format used by these models is different from that required by CHANCE, 
so a computer program called RIVERS was developed to perform the trans-
lation. RIVERS is documented in the CHANCE Programmer's Manual (Wakeland 
1977). RIVERS accepts the data as formatted for these other programs 
and then averages the monthly data to compute the hydro EC PDF's re-
quired for CHANCE. Figure 5 shows a histogram for the average PP&L 
hydro generation for a fiscal-year time period, based on the output of 
the BPA WGF regulation (forty data points). 
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fiscal year 76-77, given different water flows. 
In addition to generating the histogram data, RIVERS also com-
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putes the mean and standard deviation, and determines how well a Normal 
or Lognormal function fits the data. For the histogram shown in 
Figure 5, the mean is 978 average megawatts (MW) and the standard 
deviation is 128 average MW. 
The "W-test" (Hahn and Shapiro 1967) was applied to the data to 
test the assumption of Normality and the assumption of Lognorma1ity. 
The results are that, based on forty years of data, the total yearly 
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hydro generation for PP&L can be assumed Normally distributed at the 
28% confidence level. This means that 28% of all samples of size forty 
from a Normal PDF appear less Normal than the data shown in Figure 5. 
The Lognormal curve does not fit nearly as well. 
A Northwest utility's hydro EC will not ordinarily be constant 
over time. Hydro holdings will periodically be withdrawn by the PUD's 
that own them, and in some cases new hydro resources will be acquired 
with time. PP&L, for example, will have less hydro EC each year. The 
BPA WCF regulation accounts for these changes; therefore RIVERS computes 
the mean and standard deviation for each of the next ten years. The 
changes in hydro EC are slight, and the assumption of Normality actu-
ally improves somewhat with time. RIVERS also computes the ratio of 
the standard deviation to the mean. This remains nearly constant at 
.133 for PP&L. Thus, in order to fully specify the hydro EC PDF's for 
future years, it is only necessary to specify: (a) the mean value and 
standard deviation for the first year being analyzed, and (b) the year-
by-year changes in the mean. 
As discussed earlier, alternative time periods may be utilized 
by CHANCE. Thus, RIVERS was designed to be able to collect statistics 
on any desired time period within the fiscal year. Presently, the time 
period from September to December is analyzed as well as the full 
fiscal year. The results for the September to December time period 
are given in Chapter VII, where they are used to determine the sen-
sitivity of CHANCE to the time period selected for analysis. 
CHANCE also allows alternative hydro submodels to be utilized 
to see if the results are greatly affected by whether a Normal PDF or 
some other model is used. Chapter VII describes the results of using 
an alternative hydro model. CHANCE was found to be relatively insen-
sitive to the hydro model used, therefore, most CHANCE analysis will 
assume that the hydro EC PDF's are Normal. 
THE THERMAL SUBMODEL 
36 
This section has four major subsections. The first subsection 
gives a general overview of the thermal submodel. The second subsec-
tion discusses the thermal plant generation submodel, which computes 
the EC for a plant once it is operational. The third subsection 
introduces a thermal plant arrival submodel for determining when a 
future plant might become operational. The final subsection describes 
two alternative methods for computing the effective EC of future 
plants near the time of their anticipated arrival. 
Thermal Submodel Overview 
The desired output of the thermal submodel is a PDF for the 
effective thermal EC in future years. Some of this EC comes from 
plants that already exist or are certain to exist by the specific year. 
The rest of the EC is due to the possible existence of planned re-
sources. CHANCE assumes that each plant is capable of operating 
independent of the other plants as long as the demand for energy 
exists. Thus, the total thermal EC is the sum of the EC for each 
plant. Accordingly, the thermal EC PDF can be determined from the 
individual EC PDF's for each plant. 
The EC PDF for an existing resource is totally determined from 
information about its generation characteristics, as described in the 
next subsection. Early in the development of CHANCE, a Monte Carlo 
algorithm was used to combine the individual PDF's for the existing 
thermal resources. The result was very nearly a Normal PDF, as the 
Central Limit Theorem (see, for example, Breiman 1968) would suggest. 
CHANCE now utilizes a Normal PDF to represent the total EC for all 
existing thermal resources combined. The mean of this PDF is the sum 
of the mean generations of all the existing thermal resources; its 
standard deviation is the RMS value of the individual standard devia-
tions, according to basic probability theory. The existing thermal 
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EC PDF derived this way has the same parameters as those derived using 
the Monte Carlo method. 
The EC PDF for a future thermal resource is obtained by combining 
information about its generation characteristics (see the next subsec-
tion) mid information about its anticipated arrival (see the third sub-
section). Early attempts to do this combination were fraught with a 
variety of numerical problems. It became clear that the future thermal 
EC PDf is often bimodal, quite skewed, and difficult to approximate. 
As discussed in the fourth subsection, it was necessary to develop two 
alternative methods for computing the future thermal EC PDF's and to 
allow the accuracy of computation to be varied. 
The individual EC PDF's for future thermal power plants are com-
hined via convolution. The result is then convoluted with the existing 
thermal EC PDF to obtain the thermal EC PDF. Actually, in the computer 
program, the parameters for the hydro EC PDF, the load PDF, and the 
existing thermal PDF are combined algebraically, since each is a Normal 
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PDF. The resulting Normal PDF is. then convoluted with the future ther-
* mal EC PDF to directly obtain the EMPDF. 
Thermal Plant Generation Submodel 
This subsection is devoted to developing a satisfactory model for 
the EC of a thermal power plant once it is in commercial operation. 
Data on energy capability is hard to find because most data is on actual 
generation; this is often less than what could have been generated, 
because most power plants are often scheduled to run at less than full 
capacity when the power is not needed. The plant generation data which 
best approximates EC was felt to be data on nuclear power plant genera-
tion. The reason for this is that the incremental cost of running a 
nuclear plant is lower than the incremental cost of running a coal or 
oil plant. Thus, whenever a power supply system must schedule some 
power plants to operate at less than full capacity, the non-nuclear 
thermal plants in the system would be cut back first. The nuclear 
plants would continue to be scheduled to operate as near to full capac-
ity as possible. 
The EC factor for a power plant is the ratio of the amount of 
energy it is capable of generating in a specific time period, taking 
into account unscheduled cutbacks, to the amount it would generate if 
it ran at its peak capacity for that time period. This ratio is some-
where between zero and one. The EC factor is multiplied by the peak 
capacity (normally nameplate rating) of the unit to obtain the EC in 
average megawatts. Many companies receive only a set fraction of the 
* The EMPDF was introduced in the first section of this chapter. 
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output of a power plant. The plant EC must be multiplied by the appro-
priate fraction in order to obtain the company's share. 
The EC factor PDF for a one-year time period can be estimated 
from nationally-collected data on the annual capacity factor for large 
commercial nuclear plants. The annual capacity factor is the ratio of 
amount of energy produced in one year, divided by the amount it would 
have produced if it had ran at full capacity. The Bonneville Power 
Administration has compiled annual capacity factor data for the first four 
years of operation of commercial reactors larger than 400 MW. Figure 6 
shows a histogram of this data. Though the sample size is small, a 
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Figure 6. Histogram for annual nuclear capacity factor. 
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substantial effort to obtain more data isn't warranted at this time 
because nuclear technology is evolving so rapidly that historical per-
formance data is a poor indicator of future performance. An obvious 
candidate PDF is the Beta Function (Hillier and Lieberman 1967, p. 44), 
which is zero outside the range of zero to one. The parameters of the 
Beta Function can be chosen to reflect any desired mean and standard 
deviation. 
A simple least squares algorithm was used to select the Beta 
Function parameters that result in a "best fit" to the data in Figure 6 
(shown as a dotted line). The resulting mean is .63 and the standard 
deviation is .13. 
Do these parameters change as the power plant matures? Figure 7 
shows the nuclear plant capacity factor as a function of age. Clearly, 
it is difficult to establish any significant maturation trends. Exper-
ience with coal power plants here in the Northwest also indicates that 
some plants do well from the very start (eg., Jim Bridger #1 in Wyoming) 
while others never do very we]) (eg., Dave Johnston #3, also in Wyoming). 
For a specific power plant, CHANCE uses the same mean and standard 
deviation for EC factor for all years studied. 
Another important consideration when determining the EC of exist-
ing resources is the scheduled maintenance, usually done annually. 
However, once every four years or so, a major maintenance is done. 
This requires six to eight weeks and has a substantial impact on the 
EC for the year as a whole. The length of the major maintenance varies 
considerably, so that the first inclination is to use a probabilistic 
model for maintenance. A quick study of the reasonS why maintenance 
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Figure 7. Nuclear plant capacity factor versus age. 
sometimes takes longer than scheduled revealed several interesting 
things. First, unscheduled maintenance is often delayed until the sched-
uled maintenance time. This causes the scheduled maintenance to take 
longer, even though the cause for the extension has nothing to do with 
the scheduled maintenance. Second, additional anticipatory maintenance 
often extends the scheduled maintenance period. The unit then tends to 
perform better than usual after the maintenance is done. It seems that 
the actual scheduled maintenance takes just about the time scheduled. 
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Any variation can be subsumed into the variation in the EC factor. This 
simplification is even more appealing when one considers the difficulty 
of obtaining reliable data on the actual length of the scheduled main-
tenance outage versus the scheduled length. 
Thus, maintenance on existing plants is accounted for by adjusting 
the mean EC factor in each pqrticular year to reflect the number of 
weeks of maintenance scheduled for that year. For example, the data 
given in Figure 5 reflects an average of 8 weeks of scheduled mainten-
ance per year. Thus, if a typical nuclear power plant were scheduled 
for only 4 w·eeks of maintenance in a particular year, its mean EC for 
that year would be .62*(52-4)/(52-8) = .68. 
The CHANCE computer program stores a table containing the number 
of weeks of maintenance scheduled for each existing plant for each 
future fiscal year. The computer also stores the mean EC factor for 
each existing plant. These numbers reflect the EC with maintenance 
excluded. The correct maintenance for each year is then incorporated 
internally as calculations are carried out. 
Northwest utilities also attempt to schedule in advance the main-
tenance for future resources. However, the maintenance cycle begins 
when the plant becomes operational--if the plant is delayed or acceler-
ated, its forecasted maintenance will no longer be correct. Thus, the 
maintenance of future resources is accounted for in the CHANCE computer 
program by storing the mean EC factors of future resources with mainten-
ance already incorporated. Since CHANCE assumes that the EC factor is 
constant for all years studied, the maintenance for a future resource 
is treated as a constant number of weeks each year. 
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Thermal Plant Arrival Submodel 
It is assumed that a future thermal power plant will not "arrive" 
(be declared ready for commercial operation) prior to a specific date--
referred to as its earliest arrival date. Similarly, it is assumed that 
a future plant will not arrive later than a specific date--referred to 
as its latest arrival date. If the plant has not been built by then, 
CHANCE assumes that plans to build the plant have been abandoned. The 
probability that the plant is abandoned is referred to as the non-
arrival probability. Somewhere between the earliest and latest arrival 
dates is the most likely arrival date. 
CHANCE assumes that the PDF for the arrival of a future plant is 
determined by the above-mentioned parameters. As in PERT analysis (see 
for example, Hillier and Lieberman 1967, pp. 229-30), a Beta Function 
is assumed to adequately represent the relative probability that the 
plant will arrive on any particular date between the earliest arrival 
date and the latest arrival date (see Figure 8). 
As shown by Hillier and Lieberman, the mean and standard devia-
tion can be approximated from the earliest arrival date, most likely 
arrival date, and latest arrival date: 
mean 2/3 (most likely) + 1/3 (earliest + latest) 2 
standard deviation = 1/6 (latest - earliest) 
(1) 
(2) 
By normalizing these numbers to a zero-one interval, the parameters for 
the appropriate Beta Function can be obtained using well-known formulae 
(Hillier and Lieberman 1967, p. 52). 
earliest 
arrival 
date 
most likely 
arrival date 
TIME 
Figure 8. Plant arrival PDF. 
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arrival 
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The non-arrival probability is accounted for when the EC PDF 
for the future power plant is computed, as described in the next 
subsection. 
The assumptions underlying the thermal arrival submodel were 
somewhat validated by carrying out a Delphi survey to establish the 
earliest, latest, and most likely arrival dates (see Chapter VI). 
Although the respondents were not directly asked if the model was 
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reasonable, their comments indicated that they felt comfortable specify-
ing an earliest, latest, and most likely date. The notion of a non-
arrival probability was similarly well-received. 
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Details of the computer implementation of the arrival submode1 can 
be found in the CHANCE Programmer's Manual (Wakeland 1977). 
Future Plant Energy Capability 
This subsection describes two alternative methods for computing 
the effective EC for future thermal power plants ~ their arrival 
time. If a power plant is scheduled to arrive in 1980, then its EC 
for 1980 is crucially dependent on which month it arrives (if it arrives 
at all) and how well it performs once it arrives. Its EC PDF depends 
on both its arrival PDF and its plant capacity factor PDF. During 
implementation, it was discovered that the detailed model to be 
described shortly is unnecessary in many cases. A simplified model, 
which requires significantly less computer time, was developed and 
tested. Both models are used by CHANCE, depending on the accuracy 
desired. 
ECCOMP--The Detailed EC Model. As mentioned above, future plant 
EC is determined by considering both arrival uncertainty and uncertainty 
in the plant capacity factor. Near their scheduled arrival, the uncer-
tainty of the arrival time for future plants is significantly larger 
than the uncertainty in capacity factor. To get an idea of the mag-
nitude of this difference, consider a deviation of .05 in the annual 
capacity factor. This is equivalent to about a month's generation 
(annual capacity factor is about .70, which is .06 per month). Since 
the variation in plant arrival date can be a matter of years, its contri-
bution to uncertainty in EC dwarfh the uncertainty in EC due to varia-
tion in the capacity factor. This is true until several years after the 
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scheduled arrival date, when the plant is certain to be operating 
commercially. 
The plant arrival PDF and plant capacity factor PDF are combined 
as follows: In any particular year, the plant under consideration 
might operate from zero to 12 months. The probability of each of 
these cases can be obtained easily from the cumulative probability 
* distribution function for arrival. If the plant operated 12 months 
that year, the annual plant capacity factor PDF would be appropriate. 
If the plaut operated 11 months, a different PDF would apply, i. e. , 
one for 11 rather than 12 months of operation. A similar argument 
holds if the plant operates for 1 to 10 months. 
Consider the EC PDF that corresponds to a particular plant and 
time period (usually the fiscal year). Each value of the EC PDF is 
the probability of a specific EC for that time period. Consider one 
such value--the probability that the plant can produce 50 percent of 
its rated capacity. If the plant was available the entire time period 
(say, for example, a fiscal year), then the value can be taken directly 
from the annual plant capacity factor PDF. However, if the plant ran 
only 11 months, it would need to run at 12/11 x 50% = 55% to be equiva-
lent to 12 months at 50 percent. Therefore, the probability that the 
plant will run at 55 percent should be taken from the ll-month plant 
capacity factor PDF. The process is similar if the plant ran for 10 
months, 9 months: etc. Of course, if the plant ran less than half the 
year, it could not produce the equivalent of 50 percent for the full 
year. Such cases may be ignored. Consequently, the probability that 
* The integral of the arrival PDF. 
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the plant is capable of a 50 percent EC for the fiscal year is the sum 
of several terms, with each term being the probability that the plant 
ran for i months times the probability that the plant achieved a 
capacity factor of l2/i x 50% during those i months. The other values 
of the EC PDF can be computed in a similar fashion. The probability 
that EC = 0 is a special case. It is simply the probability that the 
plant has not yet arrived. The above relationships are summarized in 
equations (3) and (4), which are generalized to hold for a time period 
of any length. 
nx 
ECPDF (n,x) L PCFPDF em, nx/m) * PRUN em), x>O 
m=n 
ECPDF (n,O) = ECPDF (n,x) I + PRUN (0) 
~O 
where, n is the time period in months, 
x is the EC factor, 
ECPDF (n,x) is the EC factor PDF, 
PCFPDF (m,y) is the plant capacity factor PDF for 
a period m months long, where y is 
the plant capacity factor, and 
(3) 
(4) 
PRUN (m) is the probability that the plant will 
run m months (taken from the plant 
arrival PDF). 
The details of how these equations were implemented in practice can be 
found in the CHANCE Programmer's Manual (Wakeland 1977). 
Rather than enter individual data regarding the plant capacity 
factor PDF for different length time periods (II-month, 10-month, etc.), 
it is preferable to approximate the plant capacity factor PDF's for 
shorter periods in terms of the annual plant capacity factor PDF. There 
are several reasons. First, the l2-month plant capacity factor PDF 
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is standard to all other parts of the model. Second, the parameters 
of all of the PDF's in the entire model will be changing as more is 
learned about large thermal power plants. If CHANCE used separate PDF's 
for II-month EC, 10-month EC, etc., the job of keeping them updated to 
reflect current data would be much more difficult and hence probably 
neglected. The severity of the errors introduced by not updating would 
easily outstrip the errors introduced by making an approximation. 
Third, the data is too scanty to justify fitting individual curves to 
II-month data, 10-month data, etc. Fourth, the approximation may be 
just as reasonable as the result of individual curve-fitting. Finally, 
a general formula for the K-month plant capacity factor PDF, where K is 
between 1 and 11, greatly simplifies the computer program. 
Logically, the I-month capacity factor PDF would differ the most 
significantly from the l2-month capacity factor PDF, and the 2-month, 
3-rnonth, etc. capacity factor PDF's would be somewhere in between. 
Consequently, monthly operating data was compiled for the first 12 
months of commercial operation of 0xisting nuclear plants. Ideally, 
one would use only data corresponding to the first month of commercial 
operatin~ but there isn't enough data to do that. Nuclear operating 
data is published monthly by NRC, the Nuclear Regulatory Commission. 
Figure 9 shows this data as a histogram. 
Frequency plots of the I-month data and the annual data are shown 
in Figure 10 to facilitate comparison. 
It seems reasonable to approximate the peak of the I-month capac-
ity factor frequency plot with the l2-month capacity factor frequency 
plot moved to the right and reduced in size (as shown in Figure 11). 
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The left-hand tail of the I-month frequency plot can be approximated 
with a constant (again, see Figure 11). The area of the· tail is 
4% + 4% + 4% + 4% = 16%; thus, the peak must be reduced by 16% in 
order to keep unity area (as required by the laws of probability). 
A quick inspection indicates that the approximation is quite reasonable. 
The 2-month capacity factor PDF has less area in the tail, and 
is not shifted quite as far. The 3-month capacity factor PDF has even 
less area in the tail and is shifted even less, etc. The capacity 
factor PDF's for longer periods approach the annual capacity factor 
PDF in shape. The approximation can be summarized mathematically as 
follows: 
PCF PCFPDF (12, x + SHIFT) * SHRINK (5) 
__ {PCF, 
PCFPDF (m,x) 
PCF + CONST, 
x> CUTOFF 
(6) 
x ~CUTOFF 
where, PCFPDF is as defined for equation (3) 
SHIFT is the amount that the mode of the PDF is 
to be shifted, 
SHRINK is one minus the area in the tail, and 
CUTOFF is the point at which the cons tan t portion 
of the left-hand tail is no longer apparent. 
Since the total SHIFT in Figure 9 is about .08, CHANCE assumes 
that the shift is .0075 per month. For example, CHANCE assumes that 
the peak of the 8-month PDF is shifted 4 *.0075 = .03 from the peak 
of the annual PDF. 
Since the area in the I-month tail is 16%, SHRINK is .84 for the 
I-month PDF. CHANCE assumes that the area in the tail decreases rapidly 
as the length of the period is increased. The probability that a plant 
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operates at less than 30% of capacity for two months is assumed to be 
half the probability that the plant operates at less than 30% of capac-
ity for one month. Such an assumption could be verified, but not 
without considerable data collection. Considering the amount of 
uncertainty in all capacity factor data, such an effort doesn't seem 
justified. Thus, CHANCE assumes that the area in the tail decreases 
geometrically as a function of the length of the time period being 
considered. 
CUTOFF depends on the point at which the left-hand side of the 
peak portion of the annual PDF approaches zero. In Figure 9, this is 
at a capacity factor of about two-tenths. CUTOFF is selected to min-
imize the discontinuity at the point where the constant function stops. 
The above discussion is based on the assumption that the base time 
period is twelve months long (such as the fiscal year). CHANCE allows 
different time periods to be analyzed, such as September to December. 
In order to properly compute the EC PDF when the input data is based on 
time periods that are not twelve months long, the equations used by the 
computer for SHIFT, SHRINK, and CUTOFF are more general. These and 
other details of the implementation may be found in the CHANCE 
Programmer's Manual (Wakeland 1977). 
The Simplified EC Model. The simplified EC model begins by 
computing the probability that the power plant will arrive prior to 
the period of interest and the probability that it will arrive after 
the period of interest. To simplify the calculations, a triangular 
arrival PDF is substituted for the Beta arrival PDF. Details of the 
use of a triangular PDF are given in the CHANCE Programmer's Manual 
(Wakeland 1977). 
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Next, the conditional expected time of arrival is computed, also 
assuming a triangular PDF. The conditional expected arrival time is 
the expected arrival time for those cases when the resour~e arrives 
during the period of interest. The overall expected number of months of 
operation is computed by adding together (1) the probability of arriving 
prior to the period times the length of the period (usually twelve 
months) and (2) the probability of arriving during the period times the 
conditional expected number of months of operation (the last month of 
the period minus the conditional expected arrival time). The effective 
mean EC is then computed by multiplying the mean full-period capacity 
factor times the expected fraction of the period that the plant will 
operate (the expected number of months of operation divided by the 
length of the period). These relationships can be summarized as 
follows: 
EXMOP = PPRIOR * N + PDURING (LMO-CEXAMO) (7) 
MEANEC = MEANPCF * EXMOP/N, (8) 
where, EXMOP is expected number of months of operation, 
PPRIOR is the probability of arriving prior to 
period, 
N is the length of the period~ 
PDURING is the probability of arriving during 
the period 
LMO is the last month of the period, 
CEXAMO is the conditional expected arrival month 
(which is a function of the earliest, 
latest, and most likely arrival month), 
MEANEC is the mean EC, and 
MEANPCF is the mean plant capacity factor. 
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The effective standard deviation in EC is computed by assuming 
that the difference between the maximum likely energy production and 
the minimum likely energy production is six standard deviations. The 
maximum likely energy production is computed by adding twice the stan-
dard deviation in plant capacity factor to the mean plant capacity 
factor and then multiplying by the maximum fraction of the period that 
the resource could be available. The process is similar for computing 
the minimum likely energy production (which will often be zero). The 
equations can be summarized as follows: 
MAXEP = (MEANPCF + 2 * SDPCF) * MAXOP (9) 
MINEP = (MEANPCF - 2 * SDPCF) * MINOP (10) 
SDEC = (MAXEP - MINEP)/6, (11) 
where, MAXEP is the maximum energy production, 
SDPCF is the standard deviation in plant capacity 
factor, 
MAXOP is the maximum number of months of operation 
(a function of the earliest arrival time) 
MINEP is the minimum energy production, 
MINOP is the minimum number of months of operation 
(a function of the latest arrival time, and 
SDEC is the standard deviation in EC. 
Once the mean and standard deviation for EC are determined, a 
Beta function with these parameters is assumed to represent the effec-
tive EC PDF. If there is a non-zero probability that the plant will 
not arrive by the end of the period of interest, then the Beta function 
is modified by putting a "spike" at zero. The area of the spike is 
equal to the probability that the plant does not arrive. The area 
under the Beta function is reduced so that the total area of the PDF 
remains one. 
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This alternative EC model has been tested for those cases where 
the plant is certain to arrive by the end of the period, and found to 
agree quite well with ECCOMP, the more detailed EC model. This agree-
ment serves to partially validate both models. Furthermore, since the 
simplified model requires much less computer time, it can be substi-
tuted for ECCOMP in many cases. However, if the plant has a signifi-
cant chance of not arriving during the period of interest, the simple 
model disagrees considerably with ECCOMP. This happens because the 
EC PDF for such a plant is difficult to model with a Beta function. 
Details of the implementation of the simplified model are found 
in CHANCE Programmer's Manual (Wakeland 1977). The following sub-
section discusses the algorithm used to select whether ECCOMP or the 
simple model will be used in particular situations, depending on the 
accuracy desired. 
Accuracy of Computations. For most purposes, the CHANCE computer 
program will use "medium" accuracy when computing energy adequacy. 
What this means is that the simple model will be substituted in those 
situations where it appears to work well. In the remaining situations, 
ECCOMP is used. Furthermore, the "deltax" used to approximate the con-
tinuous functions is selected to be small enough to produce consistent 
results and still not require excessive computer time. If "high" 
accuracy is requested, the CHANCE computer program uses the ECCOMP model 
in all cases and also uses a much smaller deltax. If "low" accuracy 
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is requested, perhaps to perform a preliminary macro-screening, the 
CHANCE computer program uses the simple model in all situations and 
uses a larger deltax. 
In practice, the selection of deltax is a nontrivial problem, 
and depends on a multitude of factors. Details of the deltax selection 
are given in the CHANCE Programmer's Manual. (Wakeland 1977). 
In order to test the above algorithm, a comparison test was done, 
using a plausible set of load and resource assumptions similar to 
those developed in Chapter VI. The energy adequacy was computed 
with different levels of accuracy, using the algorithm described above. 
Table I shows the resulting energy adequacy measured in terms of YSSI, 
a composite measure of energy adequacy explained later in this chapter. 
TABLE I 
YSSI DEPENDENCY ON ACCURACY 
Year 
76- 77- 78- ~- 80- 81- 82- 83- 84- 85- 86-
Accuracy 77 78 79 80 81 82 83 84 85 86 87 
low 0 0 1 1 0 2 55 39 134 70 42 
medium 0 0 1 2 0 2 52 29 113 34 31 
high 0 0 0 1 0 3 51 27 102 30 31 
As Table I clearly indicates, medium and high accuracy agree quite well 
in all years. Thus, medium accuracy is appropriate in most app1ica-
tions. Low accuracy results differ numerically, though not qual i-
tative1y, for several years. Though low accuracy would not be appro-
priate for most applications, it would provide a quick way to do 
preliminary screening. Using low accuracy cuts the terminal wait time 
to approximately half of that required for medium accuracy. The con-
verse is true for high accuracy. 
THE ENERGY LOAD SUBMODEL 
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The energy load forecasting methods used by Northwest utilities 
are currently being updated. In order to be able to incorporate any 
resulting changes in the energy load forecast without having to modify 
the CH&~CE computer program, the CHANCE energy load submodel had to be 
made very flexible. A fixed load forecast (no uncertainty) or a vari-
able load forecast (significant uncertainty) may be specified. A fixed 
load forecast simply establishes point estimates for the load for each 
year. These point estimates could be the West Group Forecast, a 
cooperative forecast by Northwest utilities, or any other tabulated 
forecast of the decision-maker's choice. CHANCE also allows exponen-
tial or linear growth at any desired rate, or for a growth curve 
to be used (to be explained later). 
A variable load forecast is quite different from the fixed load 
forecast. Instead of using one fixed forecast, two forecasts are 
spe cified--a "high" fore cas t and a "low" forecas t. The likelihood 
that the load will be somewhere between these two forecasts is also 
specified. Fo!. example, one could specify 7% as the high average 
annual growth rate and 4% as the low average annual growth rate for 
the next 10 years. The chances of being somewhere within this range 
might be 95%. 
In summary, CHANCE allows either a fixed or variable load fore-
cast. The types of models allowed for the fixed load forecast or for 
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the upper and lower limit forecasts are: 
1) Tabulated--user enters the load for each year. 
2) Linear--user specifies initial load and rate of growth. 
3) Exponential--(as above). 
4) Growth Curve--(explained below). 
For a growth curve forecast, an upper limit for the loads is given, 
say 10,000 average ~~. The load is assumed to grow towards that limit, 
but never exceed it. Figure 12 shows the load as a function of time, 
if a growth curve is assumed. 
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Figure 12. Growth curve forecast. 
Notice that the growth rate is approximately exponential during 
early growth, and then begins to level off as the load approaches 
half of the eventual load. The time at which the leveling begins is 
related to "thalf"--the number of years until the load is halfway 
between its present value and the eventual limit. For example, if 
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the present value is 2,000 average MW and the eventual limit is 10,000 
average MW and 6,000 average MW is expected to be reached in twenty 
years, then thalf = 20. In this example, the growth would continue 
to be exponential for several years. Only the present load, the 
eventual limit, and thalf need to be given in order to fully specify 
a growth curve forecast. 
When a variable load forecast is used, CHANCE assumes that the 
load is Normally distributed between the high and low forecast at any 
point in time. For example, if the high load forecast for 1980 is 
3200 average MW's and the low load forecast is 2800 average MW's, then 
the mean load is assumed to be 3000 average MW's. If the forecast 
confidence is 95%, then the range of 400 average MW's is assumed to 
correspond to four standard deviations. Hence, the standard deviation 
is 100 average MW's. Of course, if a fixed load forecast is used, the 
standard deviation is zero. 
THE OUTPUT PARAMETERS 
~fuen the hydro EC PDF, the load PDF, and thermal EC PDF are 
combined, the resulting EMPDF contains the information required by 
decision-makers. However, the actual parameters of the EMPDF by 
themselves are of very little use. Besides these parameters, the 
probabilities of different severities of shortage (negative energy 
margin) and various additional indicators are needed. 
The parameters of the EMPDF for any particular time period are 
the: 
a) minimum, 
b) maximum, 
c) mode, 
d) median, 
e) mean, and 
f) standard deviation. 
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The minimum and maximum are defined as the energy margin for which the 
odds of being smaller or larger, respectively, are one in a thousand. 
The rest are defined according to their standard definitions in elemen-
tary probability theory. 
The probabilities of various severities of shortage are deter-
mined directly from the tabulated EMPDF stored in the computer. The 
CHANCE computer program has features to allow its users to easily study 
different severities of shortage. The severity of shortage is measured 
either as a percentage of the load in any given year, or is measured 
in average MW's. For example, the decision-maker may be interested 
in knowing the probability of being more than 5% short for specific 
years, and the probability of being more than 300 average MW short for 
specific years. In this example, there are two percentage-based 
shortage severities, each of which is a multiple of 5%. The 5% is 
called the incremental percentage. In the example, there is only one 
MW-based shortage severity, which is a multiple of 300 MW. The 300 MW 
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is called the incremental MW amount. Both the number and incremental 
amount for both types of shortage severities are easily changed in the 
computer program. CHANCE also computes the cumulative probability 
that a shortage will occur at some time between the initial year of the 
study period and each year during the study period. As a first approx-
imation, the years are assumed to be independent. 
The additional indicators computed by CHANCE are aggregate 
measures of energy adequacy that combine both the probability and mag-
nitude of potential shortages into a single index. For each year, 
CHANCE computes YSSI, the Yearly Shortage Severity Index, by summing 
the product of shortage severities and shortage probabilities. This 
approximates the conditional expected shortage--the mean shortage for 
all possible futures in which a shortage occurs--times the probability 
of shortage. Figure 13 is an example. 
The YSSI for the example in Figure 13 is computed as follows: 
(A) The area of rectangle A is determined (.0002 * 100 = .02). 
(B) The area of rectangle B is determined (.0007 * 100 = .07). 
(C) YSSI = .02 * 200 + .07.* 100 = 11. 
The conditional mean appears to be around -85 MW; therefore, the 
expected shortage is about 85 MW. The probability of shortage, the 
area of the entire shaded portion, is about .14. The product of these 
is 11.9, which is in agreement with YSSI. 
The tacit assumption behind YSSI is that a 10% chance of a 100 MW 
shortage is about as serious as a 5% chance of a 200 MW shortage. As 
yet, no tests have been done to determine if such an assumption is 
reas onab Ie. 
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The final index computed by CHANCE is OSSI, an Overall Shortage 
Severity Index. OSSI serves as a single figure of merit for a schedule 
of resources by taking into account the potential shortages in each 
future year. OSSI is computed as a discounted average of YSSl's. 
Four alternative discounting functions are used: 
1) No discount for all years; 
2) 5% compounded annually; 
3) 10% compounded annually; and 
4) 0% for six years, 50% for five years, 100% thereafter. 
The effect of discounting is to place proportionately more attention 
on the more immediate problems. The last discounting function is an 
attempt to reflect the reality that the options for the next six years 
are minimal because a resource cannot be built in less than six years. 
A coal plant could be initiated and built to meet the needs in years 7 
through 11, so there is at least one option available. Either a coal 
or nuclear plant could be initiated and built to meet the needs beyond 
11 years, so potential shortages in these years may not be considered 
a problem worthy of immediate attention. 
CHAPTER V 
THE COMPUTER PROGRAM 
The computer program allows one to easily study the energy 
adequacy of planned electrical energy supply systems. Alternative 
resource schedules, alternative assumptions about the characteristics 
of the resources, and alternative energy load forecasts are easily 
analyzed and compared. Users of the computer program can, in a 
conversational mode, either experiment with models developed for PP&L 
by the author (see Chapter VI) or design and enter models of any 
desired energy system. Because this research purports to be applied 
research, and because the computer program is a principle product of 
the research, the computer program will be described in detail. 
First, a summary of the input data required by the CHANCE 
computer program is given. Second, the overall structure of the 
computer program is described. The next four sections indicate how 
one accesses the CHANCE computer program, modifies input assumptions, 
enters a new model, and obtains output. A recap of the computer 
program operation is then given, followed by some special instructions. 
The last section gives the procedure for maintaining the database. 
Appendices A and B exhibit sample reports. Appendix C is a detailed 
example use of the CHANCE computer program. Details of the underlying 
computer code are not given in the dissertation. These details are 
thoroughly documented in a separate report (Wakeland 1977). 
SUMMARY OF INPUT DATA 
The data required by the CHANCE computer program can be divided 
into four types: (A) hydro resource data, (B) thermal resource data, 
(C) energy load data, and (D) miscellaneous data. A complete set of 
input data is referred to as a model. 
Hydro Resource Data 
CHANCE percits the user to specify that total hydro generation 
during each time period is Normally distributed. Alternatively, a 
separate computer program can be used to account for hydro resources. 
If hydro generation is assumed to be Normally distributed, 
several parameters must be entered. The first parameter is the mean 
hydro generation over the time period analyzed for the first year in 
the study (in average MW). This is usually computed from the output 
of simulation models. Median hydro generation will suffice if the 
mean isn't available. 
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The second parameter is the standard deviation in hydro genera-
tion, as a fraction of the mean, and can also be computed from the 
output of simulation models. If necessary, the standard deviation can 
be estimated from the range of possible hydro generation quantities. 
For example, if forty data points are available, the difference between 
the highest value and lowest value is about four standard deviations. 
The rest of the hydro resource data specifies the incremental 
changes (usually withdrawals) in the mean hydro generation, from year 
to year. For example, in 1977, 25 average MW might be withdrawn from 
a company's hydro holdings; in 1978, 65 average MW might be withdrawn; 
etc. Note that these numbers are incrementa1--the total change in 
hydro resources in any year is the Sum of the incremental changes up 
to and including that year. 
Thermal Resource Data 
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CHANCE requires specific information about the existing thermal 
resources and planned thermal resources. The two are treated similarly 
except in two respects--arrival information and maintenance. Obviously, 
existing resources do not require the arrival information needed for 
planned resources. The reasons for treating maintenance differently 
are more subtle. Even though maintenance is tentatively scheduled for 
planned thermal resources as well as existing thermal resources, the 
actual arrival date of a planned resource will strongly affect its 
subsequent maintenance. Therefore, CHANCE does not use scheduled main-
tenance for planned resources. Instead, the plant factor for planned 
resources is adjusted to account for maintenance. However, for exist-
ing resources, CHANCE incorporates scheduled maintenance information. 
The user must specify, for each thermal resource: the name, 
peak capability, percentage of ownership, mean plant factor, and stan-
dard deviation for plant factor. The first three are self-explanatory. 
The mean plant factor is the average fraction of the peak that the 
resource could produce during the time period analyzed (usually one 
year), assuming that maximum output is requested. This number is 
specified with maintenance excluded for existing resources, and is 
specified with maintenance included for future resources. 
The standard deviation for plant factor indicates the range of 
possible plant factors. Some resources are consistently good or 
consistently bad (standard deviation is small), while others are 
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unpredictable (standard deviation is high). For example, if a resource 
will provide between .88 and .92 of its peak, two-thirds of the time, 
the plant factor would be .90 ± .02. The .02 is the standard deviation 
(small, in this case). On the other hand, a resource which can only 
be relied upon to produce somewhere between .5 and .9 if its peak, 
two-thirds of the time, has a high standard deviation (.7 ± .2). 
Obviously, it is difficult to tell if a planned resource will have a 
high or low plant factor, so its standard deviation is higher, even 
though its mean plant factor may be the same as the mean plant factor 
for an existing resource. 
For each existing resource, the number of weeks of maintenance 
to be done during the time period analyzed (usually the fiscal year) 
must be specified for each year covered by the model. 
For each future resource, the earliest, most likely, and latest 
arrival date (month and year) must be specified. These three dates 
may be the same; if desired, but this is not very realistic unless the 
resource is due to "arrive" in the very near future. In addition, the 
likelihood that the resource will not be built must be specified. 
This is zero for a plant that is already under construction. However, 
a nuclear plant that has not received a site certificate has a signifi-
cant chance of never being built. 
Energy Load Data 
The user must specify whether a fixed load forecast or a variable 
load forecast is to be used. A fixed load forecast simply establishes 
point estimates for the load for each year. These point estimates may 
be determined several different ways: 
(1) Tabulated--user enters the load for each year; 
(2) Linear--user specifies the initial load and the rate 
of growth; 
(3) Exponential--user specifies the initial load and the 
rate of growth; or 
(4) Growth Curve--user specifies the initial load, the 
upper limit for the load, and the 
number of years until the load will 
be halfway to the limit. 
A variable load forecast is quite different from the fixed load 
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forecast. Instead of giving one fixed forecast, the user specifies two 
forecasts--a "high" forecast and a "low" forecast. Both the high fore-
cast and low forecast may be specified using any of the above options. 
The user also indicates the likelihood that the load will be somewhere 
between these two forecasts. For example, the user could specify 7% 
as the high average annual growth rate and 4% as the low average annual 
growth rate for the next 10 years. He might indicate that the chances 
of being somewhere within this range are 95%. 
Miscellaneous Input Data 
Besides the specific data on resources and loads, CHANCE needs 
some general information, such as which years are covered by the model, 
the number of existing thermal plants, and the number of future thermal 
plants. CHANCE also requires the user to input the first month of the 
time period analyzed and the length of the time period analyzed. The 
time period analyzed might be a fiscal year, a calendar year, September 
to April, etc. CHANCE will base its calculations on this time period 
rather than a full year, and will assume that all input data applies to 
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the time period specified. For example, if September to December was 
specified as the time period analyzed instead of the fiscal year--the 
thermal plant maintenance data, contracts, hydro data, loads, and ther-
mal plant factors would all be different. Instead of describing the 
situation for a twelve-month fiscal year, the input data would corres-
pond to a four-month time period at the end of each year. Thus, a 
great deal of flexibility is available without having to reprogram 
CHANCE. It would even be possible to focus on a specific month, if 
desired. 
CHANCE also permits the user to input information regarding the 
desired output. Specifically, CHANCE allows the user to specify the 
"severity" of shortages that he is interested in. The severity of 
shortage can be measured as a percentage of the load in any given year 
and can also be measured in average MW's. The user specifies the 
number of percentage-based shortage severities in which he is inter-
ested, and the incremental percentage amount. For example, a specifi-
cation of two percentage-based shortage severities with an incremental 
percentage of 5% would cause the computer to determine the probabil-
ities of shortages greater than 5% of the load and greater than 10% 
of the load. The user also specifies the number of MW-based shortages 
and the incremental MW amount. 
Another parameter required by CHANCE is the accuracy of 
calculations--either high, medium, or low (described shortly). 
CHANCE also requires the user to type in a brief verbal description 
of the model. which is used as a header for reports. The user must 
also enter the net average MW amount of fixed contract resources and 
'.\. 
loads, during the time period analyzed, for each year covered by 
the model. 
OVERALL STRUCTURE OF THE COMPUTER PROGRAM 
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Once a complete set of input assumptions is typed into the com-
puter, it can be stored so'that the assumptions don't have to be typed 
in each time the computer program is used. Instead, the user can ask 
the computer to recall a previously-entered model. He can then modify 
the assumptions embodied in the model and recompute the energy adequacy. 
Preliminary information is printed at the terminal. The actual report 
is printed on a lineprinter and is ready about an hour later. 
Figure 14 is an overall flowchart for the computer program. The 
following subsections delineate various overall characteristics of 
the computer program--the modes of operation, the accuracy of computa-
tions. different computer terminals, and prompting and error-checking. 
Modes of Operation 
CHANCE has two basic modes of operation. In the first mode. 
CHANCE computes the energy adequacy based on one set of input assump-
tions and then prints a report showing the input data and the resulting 
energy adequacy. In the second mode, called the "comparison" mode, 
the user studies the consequences of changing the input assumptions 
for a previously-entered model. After the user enters each alternative 
set of changes, CHANCE recomputes the energy adequacy. The user can 
inspect the results as the computations are performed. When all of 
the alternatives are completed, CHANCE prints a report showing how 
the alternatives compare. Note that changes are cumulative--changes 
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Figure 14. Overall flowchart of computer program. 
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entered for the first alternative must be changed back before computing 
the second alternative (unless the changes also hold ~0r the sp~ond 
alternative). 
Most CHANCE studies will be done using the comparison mode; 
however, several tasks may be performed using the first mode of opera-
tion. The user can fix errors in a previously-entered model, create 
a new model by modifying a previously-entered model, or enter an 
entirely new model. Modifying is identical to fixing, except that a 
new model is created and the original model is left unchanged. 
After doing a comparison study or one of the above tasks, the 
user is returned to the beginning of the computer program. He can 
either perform another study or task, or he can indicate that he is 
done. 
Accuracy of Computations 
CHANCE can compute the energy adequacy using anyone of three 
levels of accuracy. The highest level of accuracy requires substan-
tially more terminal wait time and costs more, but yields the most 
dependable results. Medium accuracy gives nearly the same answers 
and requires 40% less terminal wait time. This is the standard level 
of accuracy for most uses of CHANCE. However, low accuracy calcu-
lations are appropriate for certain applications, such as performing 
a comparison of many widely differing alternatives. Then, after 
eliminating the clearly nonviable alternatives, the accuracy could be 
increased to more accurately differentiate between the remaining alter-
natives. High accuracy might be used as a double check prior to 
formulating any recommendations based on the CHANCE output. 
When doing a comparative study, all of the alternatives should 
be computed using the same accuracy. Thus, if the base model for the 
comparative study was not computed at the desired level of accuracy, 
it must be recomputed at the accuracy desired for the comparative 
study. This is done by uSing the "modify" mode of CHANCE prior to 
using the "compare" mode to do the actual comparative study. 
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CHANCE is able to provide reasonable anSwers with the medium and 
low accuracy options by substituting a simpler method for computing 
the probabilities as well as increasing the "del tax" used for the 
discreet approximation of continuous functions. 
Different Computer Terminals 
CHANCE is designed to operate with a computer terminal that 
prints 130 characters per line. It will also work with oscil1iscope-
type terminals, but the messages printed by the computer may not be 
perfectly formatted. If a teletype is used, certain characters may 
print incorrectly. Although a 30-character-per-second terminal is 
preferable, a 10-character-per-second IBM 2741 will work. 
Prompting and Error-Checking 
Short prompting messages are issued by CHANCE whenever the user 
must enter information. At most places in the computer program, the 
user can type a question mark and more information will be printed. 
Whenever possible, the user's response to the prompt is checked to 
make sure it is reasonable. However, if erroneous data is entered, 
and the computer doesn't catch it, the errors can be easily corrected 
using the "fix" mode of CHANCE. 
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GETTING ON THE COMPUTER AND RUNNING CHANCE 
The exact procedure for attaching to the computer depends on the 
* type of computer terminal. For a dial-up terminal, one begins by 
calling the computer. If a busy signal is obtained, or there is no 
answer, try again later. If an audible whistle is obtained, push the 
"data" button and hang up the receiver. For a 30-character-per-second 
terminal, a "/" is entered, followed by hitting the return key. 
Otherwise, only the "return" is needed. This establishes connection 
with the computer. If the terminal is "hard-wired" (no telephone is 
used), connection is automatically established when the power is turned 
on and the terminal is warmed up. 
Once connection is established, the return key is struck to 
initiate logon. If nothing happens, try the "break" key. If nothing 
happens again, start allover. To logon, type the account number 
and hit the return key (hereafter, all entries are assumed to be 
followed by a carriage return). The computer will print a message 
and then a "\.". The user must always wait for this backslash before 
typing a response. Then type "load (CHANCE, www)," and then "xeq". 
The CHANCE computer program will print a label and ask for the 
user's name and phone number so that reports can be sent to him. The 
user must then specify the "mode" of operation desired. A question mark 
elicits an explanation of the options at this point. 
* Specific details given here correspond to PP&L's in-house 
IBM 370/185 computer on which CHfu~CE was originally implemented using 
CPS--a conversational programming language based on a subset of PL/I. 
The specific details are given in order to illustrate the exact opera-
tion. Readers interested in other implementations of CHANCE should 
contact the author. 
As discussed earlier, the modes are: 
(1) compare--to sequentially enter changes in an existing 
model and recompute its energy adequacy, 
(2) fix--to make permanent changes in an existing model, 
(3) modify--to create a new model by modifying an existing 
model, and 
(4) new--to enter a new model from scratch. 
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The user can also indicate that he is done; in which case, the computer 
will instruct him to logout. 
In the "compare" mode, "fix" mode, or "modify" mode, the user 
must enter the "base model name," i.e., which stored model should 
the computer start with. There will be a short delay while the stored 
model is read by the computer. In the "compare" mode only, the user 
must also supply the study name, i.e., what should the present session 
be called. A short delay follows, and then a message is printed, 
followed by another short delay. The user then modifies the previously-
entered model (as described in the following section) and the computer 
recomputes the energy adequacy (described later). 
In the "new" mode, the user simply types in a new model· and the 
computer computes the energy adequacy. 
* The following computer listing illustrates how to access the 
CHANCE computer program. 
*Computer listings are used in place of prose within this chapter 
because the listings are easy to read and communicate better than prose 
how the program works. Since the computer program is designed for a 
terminal with a wide carriage, the listings had to be altered to fit on 
narrow paper. This detracts occasionally from the format of the output, 
but in all cases the intent and meaning is clear. 
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PLEASE LOGIN \eam,test 
12:51 P.M. FRI. APR. 29, 1977; GOOD AFTERNOON USER 14, PACIFIC POWER'S 
CO~PUTER CENTER SERVING YOU. 
\load(CHANCE,www) 
\xeq 
CHANCE COMPUTER PROGRAM 
type a -?- to obtain more info. when a question is asked 
enter your name and phone I, so the reports can be sent to you 
\wakeland 229-4975 
mode7(c,f,m,n,d, or ?) 
\? 
your options are: 
c compare (to test alternative assumptions) 
f fix (to correct errors and/or make permanent changes in a model) 
m modify (to build a new base model by modifying an old base model) 
nne·.... (to type in a new ba se mode l) 
d done (with the present session) 
? help (types this message) 
mode?(c,f,m,n,d, or ?) 
\f 
base model name? 
\~td10yr 
make desired changes in the model 
add resources?(y or n) 
\ 
CHANGING A PREVIOUSLY-ENTERED MODEL 
The author has developed, entered, an::: stored several CHANCE 
* models. Most users will begin by accessing one of these stored models, 
modifying various load and resource assumptions, and then recomputing 
the energy adequacy. 
Once a stored model has been read by the computer (which takes 
about 20 seconds), the computer will type, "make desired changes in 
the model" and then "add resources?(y or n)". A response of "y" allows 
the user ".0 add additional future resources to the model. Whether or 
*At present, three stored models are available on PP&L's computer: 
"STDlOYR," "STD20YR," and "FAT..LlOYR." The first two are the standard 
10-year and standard 20-year CHANCE planning models for PP&L, and use 
PP&L's present resource schedule, resource assumptions, and load assump-
tions. "FALLlOYR" considers only the time period from September to 
December for each year. The development of STDlOYR is described in 
Chapter VI. 
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not resources are added, the user can then change almost any aspect of 
the model without reentering the entire model. There are a few aspects 
of a model that can only be changed by reentering the entire model. 
These aspects will be described shortly. When all the changes are 
done, the user can inspect the model to make sure the changes have 
all been correctly entered. If not, he can make additional changes. 
The verification procedure is discussed later in more detail. 
The aspects of a model that cannot be changed without reentering 
the model are: 
(1) the number of existing thermal resources cannot change, 
(2) the number of future thermal resources cannot be 
decreased, 
(3) the years analyzed must remain the same, and 
(4) the time period analyzed must remain the same. 
The first two restrictions can be circumvented if necessary, as follows: 
(A) To eliminate a resource, set its size or the company percentage 
to zero. The resource will print on the report, but it will contribute 
no energy. (B) To add an existing resource, add a future resource that 
has already arrived. There is no need to circumvent the third and 
fourth restrictions--if the years analyzed or the time period analyzed 
is changed, then a substantial amount of input data would also change. 
It would be easier to reenter the whole model, since entering a model 
only takes about 30 minutes (to be described later). 
Adding Thermal Resources 
Thermal resources can be added without reentering the entire 
model. The only restriction on the number of resources that may he 
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added is that the total number of thermal resources must not exceed 30. 
If this constraint causes difficulty, it may be possible to redesign 
the model with certain resources aggregated together. The following 
computer listing illustrates how to add a thermal resource: 
make desired changes in the model 
add resources?(y or n) 
\y 
how many? 
'added 
\1 
additional resource number 1 
enter: "name(up to 8 char. enclosed in single quotes), size(peak HW), % 
owned by company" 
\'newplant',500,80 
enter: "mean plant factor (maint. incl.), standard deviation" (hoth must 
be <1) 
\.75,.05 
Arrival data for newplant. For each date, enter: "rnonth,year"(eg. "7, 
80") 
earliest date? 
\7,79 
most likely date? 
\10,79 
latest date? 
\5,80 
enter the % chance that newplant will not be built at all 
arvdat(7,23) 
\5 
submodel to be changed?(l,t,h,o,d, or 1) 
\ 
Notice that commas are used to separate input items. The process is 
repeated for each additional future thermal resource. 
Changing Assumptions 
Once the model has been read in, and any additional future ther-
amI resources have been added, the computer will type: 
submodel to be changed7(I,t,h,o,d, or 7) 
\? 
your o~tions are: 
1 loads (to change the ~oad forecast or confidence limits) 
t thermal (to change energy capability, arrival data, "maintenance, etc 
h hydro 
o other 
culations, 
d done 
. ) 
(to chanqe the assumed hydro resources for future years) 
(to chanqe contracts, output specifications, accuracy of cal 
or the header) 
(ready to verify and run the model) 
(types this message) ? help 
submodel 
\ 
to be chanqed?{l,t,h,o,d, or 7) 
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The following sections explain each of these options. After a submodel 
is changed, the question is repeated. Wnen the user is done changing 
submodels, he can verify the changes, and compute the energy adequacy. 
Changing Load Assumptions. In order to change load assumptions, 
the user types the letter "1" when asked which submodel is to be 
changed. The computer will ask whether fixed or variable loads are 
to be used. If fixed loads are used, a single forecast is specified. 
If variable loads are used, a high forecast and a low forecast is 
specified. Each forecast is based on one of four types of models, 
as shown in the following listing: 
submodel to be chanoed?(l,t,h,o,d, or ?) 
\1 
use fixed or variable loads?(f or v) 
\f 
type of 60del for fixed load forecast?(t,l,e,q, or ?) 
\? 
your options are: 
t tabulated (loads for each year are typed in individually) 
1 linear (a linear orowth rate for loads is assu~ed) 
e exponential (an exponental qrowth rate for loads is assu~eo) 
g gr.owth curve (an upper limit and rate are used to compute load oro~/t 
h) 
? help (types this messaoe) 
type of model for fixed load forecast?(t,l,e,q, or ?) 
\ 
The various types of forecasting models were described earlier. Data 
entry will be illustrated by three examples. The first example illus-
trates the use of a fixed load forecast entered as tabulated data. 
submodel to be changed?(l,t,h,o,d, or ?) 
\1 
use fixed or variable loads?(f or v) 
\f 
type of model for fixed load forecast?(t,l,e,g, or ?) 
\t 
enter the fixed load for the indicated years (Ave. MW) 
load (77) 
\1000 
load(78) 
\1088 
load(79) 
\1138 
load(80) 
\1204 
load (81) 
\1280 
load (82) 
\1350 
load (83) 
\1420 
load(64) 
\1510 
load (85) 
\1600 
submodel to be changed?(l,t,h,o,d, or ?) 
\ 
The second example illustrates the use of a fixed load forecast 
based on a growth curve model. 
submode1 to be chanqed?(l,t,h,o,d, or ?) 
\1 
use fixed or variable loads?(f or v) 
\f 
type of model for fixed load forecast?(t,l,e,g, or ?) 
\q 
what is the fixed saturation load(Ave. MW)? 
sat 
\3000 
81 
I of years until load is halfway between the present load and the fixed 
saturation load? 
half 
\5 
initial load in 77 (Ave. MW) 
lspecs (7) 
\1000 
submodel to be changed?(1,t,h,o,d, or ?) 
\ 
The parameters for a growth curve were explained earlier. A fixed load 
forecast using a linear or exponential rate may also be used. 
The third example illustrates the use of a variable load forecast. 
The upper confidence limit is based on exponential growth and the lower 
confidence limit is based on linear growth. 
sub~odel to be chanqed?(l,t,h,o,d, or ?) 
\1 
use fixed or variable loads?(f or v) 
\v 
type of model for high load forecast?(t,l,e,q, or ?) 
\e 
what % for high growth rate? 
rate 
\7 
type of model for low load forecast?(t,l,e,g, or ?) 
\1 
what % for low growth rate? 
rate 
\4 
H2 
confidence that loads will lie between these limits, expressed as a % ?( 
must be between 50 and 99.99) 
lspecs(8) 
\95 
initial load in 77 (Ave. MW) 
lspecs (7) 
\1000 
submodel to be changed?{l,t,h,o,d, or ?) 
\ 
Any of the four types of models may be used for the high and 
low forecasts. 
Changing Thermal Resource Assumptions. In order to change ther-
mal resource assumptions, the user answers "t" when asked which submodel 
is to be changed. As shown in the following listing, there are several 
aspects that may be changed: 
submodel to be chanaed?{l,t,h,o,d, or ?) \t . 
which aspect? (9,e,m,a,d, or ?) 
\? 
your option~ are: 
9 aeneral info. (name, size, and % owned by company) 
e enerqy capability (mean and standard deviation for plant factor) 
m maintenance (on existing plants) 
a arrival data (for future resources) 
d done (no more thermal changes) 
? help (types this message) 
which aspect? (g,e,m,a,d, or ?) 
\ 
The user specifies which aspect he wishes to change and then follows 
the instructions given by the computer. Subsequent paragraphs give 
examples of changing each aspect of the thermal resources. 
To change general information regarding a thermal resource, 
the user specifies the name of the plant, and then enters the new 
information, as shown: 
which aspect? (g,e,m,a,d, or ?) 
\g 
which plant? (d if done, ? to list plants) 
\? 
your options are: 
oldcoal 
oldnuc 
newcoal 
newnuc 
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which plant? (d if done, ? to list plants) 
\oldcoa1 
enter: ·plant name (up to 8 char. enclosed in single quotes), size (peak 
MW), ~ owned by company" 
\'oldcoal',350,95 
which plant? (d if done, ? to list plants) 
\d 
which aspect? (g,e,m.a,d, or ?) 
\ 
The user can change energy capability data for all plants at once 
or one plant at a time. In the following example, the energy capabil-
ity for all of the thermal resources is changed: 
which aspect? (g,e,m,a,d, or ?) 
\e 
change all plants or one at a time (a or 1) 
\a 
following each plant name, enter: N mean plant factor, standard deviatio 
n" (both < 1) 
for the following, maintenance is NOT included 
olocoal 
\.1),.04 
oldnuc 
\.7,.08 
[or the rest, maintena~ce IS inclUded 
newcoal 
\.75,.05 
newnuc 
\.65,.1 
which aspect? (g.e,m,a,d, or ?) 
\ 
The user changes the existing thermal resource maintenance 
schedule one year at a time. He can change the maintenance schedule 
for all existing plants or one plant at a time. In the example listing, 
the scheduled maintenance for one plant in one year is changed. 
which aspect? (g,e,m,a,d, or ?) 
\m 
which year?{ 77 78 etc., 0 if no more yrs are to be chanqed) 
y 
\77 
change maint. during year for all plants or one at a time?{a or 1) 
\1 
which plant? (d if done, ? to list plants) 
\? 
your options are: 
oldcoal 
oldnuc 
which plant? (d if done, ? to list plants) 
\oldnuc 
enter the number of weeks of maintenance 
maint (77, 2) 
\6 
which plant? (d if done, ? to list plants) 
\d 
which year?{ 77 78 etc., 0 if no more yrs Are to be changed) 
y 
\0 
which aspect? (q,e,m,a,d, or ?) 
\ 
The arrival data for future resources is changed one plant at 
a time, as shown in the example: 
which aspect? (g,e,m,d,d, or ?) 
\a 
which plant? (d if done, ? to list plants) 
\? 
your options are: 
newcoal 
newnuc 
which plant? (d jf done, ? to list plants) 
\newcoal 
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Arrival data for newcoal. For each date, enter: "month,year"(e9. "7,8 
0") 
earliest date? 
\11,7B 
most likely date? 
\3,79 
latest date? 
\6,79 
enter the % chance that newcoal will not be built at all 
arvdat!7,3} 
\2 
which plant? (d if done, ? to list plants) 
\d 
which aspect? (g,e,m,a,d, or :?) 
\ 
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When the user is finished changing thermal resource assumptions, 
he types "d" when asked which aspect is to be changed. The computer 
then asks which submodel is to be changed. The user can change other 
submodels, or verify the changes and compute the energy adequacy. 
Changing Hydro Resource Assumptions. The user is allowed to 
change the type of model used for hydro resources; however, only two 
models for hydro resources are now implemented--one which assumes hydro 
generation is Normally distributed and one which uses a 40-year 
histogram. The Normal model is used for most CHANCE studies. In the 
following example, the assumptions for the Normal model are modified. 
The user either retains the previously-specified incremental changes 
in hydro resources or enters new numbers for each year. 
submodel to be changed?{l,t,h,o,d, or ?) 
\h , 
chanqe the type of hydro model?{y or n) 
\n . 
enter the mean hydro{Ave. MK) 
hmean 
\B32 
enter the standard deviation as a fraction of the mean 
hsd 
\.15 
change withdrawals?{y or n) 
\y 
enter incremental changes in hydro resources (Ave. MW) (- for withdrawal 
s, + for additions) 
withdr (7B) 
\-50 
withdr (79) 
\-50 
wither (80) 
\0 
wither (Bl) 
\-20 
withdr (82) 
\-20 
wither (83) 
\-10 
withdr (84) 
\0 
withdr (B5) 
\0 
submodel to be chanqed?{l,t,h,o,d, or ?) 
\ 
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To use a model other than the Normal model for hydro resources, 
the user must write a subroutine for his specific case. Details are 
given in the CHANCE Programmer's Manual (Wakeland 1977). The author 
has written a subroutine which is compatible with the PP&L STDlOYR model 
and allows a 40-year histogram to be used in place of the Normal model. 
This subroutine is accessed by changing the type of hydro model to "t" 
for "tabulated." As shown in Chapter VII, the effect of using the 
40-year histogram in place of the Normal model is minimal. 
Changing Other Characteristics of the Model. The following listing 
indicates the other characteristics of the model that may be changed: 
submodel to be changed?(l,t,h,o,d, or ?) 
\0 
contracts,output specs, accuracy, or header?(c,o,a,h, or 7) 
\? 
your options are: 
c contracts (to chanqe the net fixed contracts for various years) 
o output specs (to calculate probabilities for different severities of 
a 
h 
? 
accuracy 
header 
help 
shortage) 
(to change the accuracy of co~putations) 
(to input a new over~ll modp.l description) 
(types this message) 
NOTE: for a comparison study, "0", "a", and "h" shouldn't be used 
contracts,output specs, accuracy, or header?(c,o,a,h, or ?) 
\ 
The meaning of these input parameters was explained earlier. The 
next listing shows an example of changing each of these other charac-
teristics of the model. 
submodel to be chanqed?(l,t,h,o,d, or ?) 
\0 
contracts,output specs, accuracy, or header?(c,o,a,h, or ?) 
\c 
which year?( 77 78 etc., 0 if no more years are to be changed) 
y 
\77 
enter the net contract amount (Ave. MW) 
cntrct(77) 
\45 
which year?( 77 78 etc., 0 if no more years are to be changed) 
y 
\0 
submodel to be changed?(1,t,h,0,d, or ?) 
\0 
~ontracts,o~tput specs, accuracy, or header?(c,o,a,h, or ?) 
\0 
, of cases with shortage severity as a fraction of load? 
prspec(l) 
\1 
what incremental fraction ? 
prspec(3) 
\5 
# of cases with shortage severity in MWs? 
prspec(2) 
\1 
what incremental MW amount? 
prspec(4) 
\75 
submodel to be changed?(l,t,h,o,d, or ?) 
\0 
contracts,output specs, accuracy, or header?{c,o,a,h, or ?) 
\a 
what accuracy? (l=low, m=medium, h=hiqh) 
\1 
submodel to be changed?{l,t,h,o,d, or ?) 
\0 
contracts,output specs, accuracy, or header?{c,o,a,h, or ?) 
\h 
print old header?{y or n) 
\y 
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Test model. Has two existing thermal plants, two planned thermal plants 
, variable loads, and 800MW of hydro 
enter new header {up to 240 char.) 
\Test model--two plants now, two bing planned ••••• 
submodel to be changed?{l,t,h,o,d, or ?) 
\ 
Verifying a Model 
Once the user has finished making changes in the model, he is 
asked if the input data should be listed in order to verify the model 
before computing the energy adequacy. This is usually a good idea 
because computing the energy adequacy is time-consuming and somewhat 
expensive. If the user does not list the input data, the computer asks 
if he is ready to run. If so, the energy adequacy is computed. If 
the user does list the input data, he is asked if the model looks okay. 
If so, the energy adequacy is computed as described later. If the user 
indicates that he is not ready to run or that the model does not look 
okay, then he is allowed to continue changing the model. 
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The input data listing is not formatted for ease of reading, but 
it does contain all of the input data just as it is stored by the 
computer. Figure 15 is an annotated example listing of CHANCE input 
data. This same data is printed in the report produced after the 
energy adequacy is computed (see Appendix A). Note that some of the 
input data items in Figure 15 are not always used. For example, if 
a tabulated load forecast is used, the load information on the first 
line is unnecessary. 
ENTERING A NEW MODEL 
A new model is entered by specifying "n" as the mode. The com-
puter will respond as follows: 
mode?(c,f,m,n,d, or ?} 
\n 
year, first month, length of period, f of exist 
help) 
enter: "first year, last 
ing, f of future" (7 for 
\1 
first year 
last year 
first month 
length of period 
I of existing 
I of future 
in this model(e.g. 76} 
in this model(e.q. 86} 
of the time period analyzed(7=july, etc.} 
over which energy adequacy is calculated (in months, e 
.g. 12 for fiscal year) 
thermal resources 
thermal resources 
Note: • of existing + ~ of future must be (s30 
These input parameters were described earlier. Once they have been 
entered, the computer will ask for the input assumptions. The format 
for entering the input assumptions is similar to the format used to 
change input assumptions described in the previous section. Following 
Figure 15 is an example listing of the process of entering a new model. 
" 
iist input data in order to verify it? (y or n) 
\y :; ~ 
• "<-""~ \) o~ ~ ~ 
<,;0 'Ir OJ" "" \) LO ~0 I., ~v, 1.,'" 'ire}) o~"" ~'0 ~ 
.0 ~ §' ~':<.i O~'V;;S O~ 
l.," !>, ~ 'O~}~" -<-" rJ . o~ "1 \) 
... '" ~ '" ",,, I., "" 'Ii 
" ~... '''y 'lJ LO ",' 6) l., ,0 0, ::: ,0 0 
'} I., "', '" l., .., 'oJ '0 '>"" u.., y 
t '} ~ 0' .0 ,'> ,~ ,",:, 'Ir "" ~ \) ~ " 
.:>; ru.!) "~>'l VJ 0 '" ~ 'ir ",,~.9, ,Y 
<,;"')) ~~ 'lJ+\'> -<- 0 y 0;"" ,,0 '1J.~ .,,'1J 
o '" "" ~!(, '11~ I., ~ ~ I..; 0 ,"" ."" 
. I., 0 ... 0 /.... 0 ~ ru k . 6) . ...,1» "y rJ ,t. ,,"" . <l 
,"y ,,'1J ."y v ~ '<:' .;:y 0(', ~ y 0 'Ir "y "Y,,,~~ v.-'; "1-<:: 
77 &5 7 12 2 2 800 .15 .07 0 0 .04 0 0 1000 
... ~ . ~~"'l t, 0~ 6: ~ s .ot:;-
'0 0'" ..., ~ :,:,oz,0 (;' .~ .,,0 '1Jb) ... 'Ir .. 0 
..., ~ (: ~ ~ 
v'lJ . 0 ~ .;r :y 
<;' ",," 0 '<.i /J' .'O~ '1Jv ~ § ~ 
• ..., .1.; ~. I;f Jb ~...,...,\ 1!' ff 
o ~ 0 v vI., 
(j ~ ~ .:; .~ 
95 2 ..., 2 .05 100 
plants, two planned thermal plants } header information Test mocel. Has two existinq thermal 
, variable loads, and 800MW of hydro 
n vel m terminal 
7 7 
80 83 
hydro type, load type, high forecast type, low forecast type, accuracy. where stored 
earliest arrival month, for each future resource 
'/ 6 
81 &5 
11 12 
80 63 
0.00 0.20 
o 30 60 40 -10 -60 0 0 -50 
.8 .7 .75 .65 
.04 .06 .05 .1 
o 0 Q 000 000 
o 0 0 0 0 0 000 
3.0 8.0 
6.0 6.0 
2.0 6.0 
j.O B.O 
3.0 e.G 
6.0 LO 
.(.U E.O 
~.C 8.G 
3.0 6.0 
oldcoal oldnuc newcoal newnuc 
1 .4 .5 .2S 
300 1000 500 1200 
o 50 50 25 -250 30 20 10 10 
does this look ok?{y or n) 
\ 
Figure 15. 
earliest arrival year, for each future resource 
latest arrival month, tor each future resource 
latest arrival year, for each future resource 
most likely arrival month, for each future resource 
most likely arrival year, for each future resource 
probability that each future resource will not be built 
contracts, for each year 
mean plant factor, for each plant 
standard deviation in plant factor, for each plant 
high loads, for each year 
Jo",' la-las, for each year 
maintenance for first year, for each plant 
m.:Jilltenance for second year, for each plant 
m,lintcnance for third year, for each plant 
ma i ntenallce for fourth year, for each pl,'nt 
maint.~nanr.c for fifth year, for each plant 
majntr.'nance for siyth year, for each plant 
m;lint,."nance for seventh year, fOl" each plant 
m .. li ntenance for ei g.'lth year, for each plant 
maintenance for ninth year, for each plant 
plant names 
fraction owned by company 
size 
withdrawals in hydro resources 
Compact Format of Input Data Listing. co 
\0 
mode?(c,f,m,n,d, or ?) 
\n 
90 
enter: "first year, last year, first month, lenqth of period, , of exist 
ing, I of future" (? for help) 
\77,85,7,12,2,2 
specifications for computina probabilities of different severities of sh 
ortaae, referred to as cases, are entered next 
, o~"cases with shortage severity as a fraction of load? 
prspec (1) 
\2 
what incremental fraction? 
prspec (3) 
\.05 
# of cases with shortage severity in MWs? 
prspec (2) 
\2 
what incremental MW amount? 
prspec(4) 
\100 
enter a brief overall description of the model(up to 240 char) 
\Test model. Has two existina thermal plants, two planned thermal plants 
, variable loads, and 800MW of hydro 
hydro in1ormation entered next 
what type of model for hydro? (n,t,s, or ?) 
\n 
enter the mean hydro generation (Ave. MW) 
hmean 
\800 
enter the standard deviation for hydro generation, as a fraction of the 
mean 
hsd 
\.15 
enter the incremental chanqes in hydro for each year (Ave. MW) (- for wi 
thdrawals, + for additions) 
withdr (78) 
\-50 
withdr (79) 
\-50 
withdr (80) 
\-25 
withdr (81) 
\250 
,'Ii thdr (82) 
\-30 
withdr (83) 
\-20 
withdr (84) 
\-10 
withdr (85) 
\-10 
for each thermal resource, enter one line containinq: 
"name(in single quotes) ,size,% ownership,mean plant"factor,standard devi 
ation" (? for help) 
plant # I iexisting) 
\'0Idcoal',300,100,.8,.04 
plant # 2 (existing) 
\'oldnuc',1000,40,.7,.08 
plant C 3 (future) 
\'newcoal',500,50,.75,.OS 
plant # 4 (future) 
\'newnuc',1200,25,.65,.1 
maintenance on existinq thermal resources entered next 
for each year, enter the maint (in weeks) for each plant 
2 numbers) 
maint(77,1) 
\3,8 
maint(78,l) 
\6,8 
maint(79,l) 
\2,8 
maint(80,l) 
\3,8 
maint(8l,l) 
\3,8 
maint{82,l) 
\6,8 
maint{83,1) 
\2,8 
maint(84,l) 
\3,8 
maint(85,1) 
\3,8 
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Arrival data for newcoa!. For each date, enter: "month,year"{eg. "7,8 
O· ) 
earliest date? 
\ 7,80 
most likely date? 
\11,80 
latest date? 
\ 7,81 
enter the , chance that newcoal will not be built at all 
arvdat(7,3) 
\0 
Arrival data for newnuc. For each date, enter: "month,year"(eg. "7,80 
. ) 
earliest date? 
\7,83 
most likely date? 
\12,83 
latest date? 
\6,85 
enter the % chance that newnuc will not be built at all 
arvdat(7,4) 
\20 
use fixed or variable loads?{f or v) 
\v 
type of model for high load forecast?{t,l,e,g, or ?) 
\e 
what % for high growth rate? 
rate 
\7 
type of model for low load forecast?{t,l,e,g, or ?) 
\1 
what % for low growth rate? 
rate 
\4 
confidence that loads will lie between these limits, expressed as a % ?( 
must be between 50 and 99.99) 
lspecs(8) 
\95 
initial load in 77 (Ave. MW) 
lspecs(7) 
\1000 
enter the net contracts for each year (Ave. MW, may enter all on one lin 
e) 
cntrct (77) 
\0,30,60,40,-10,-60,0,0,-50 
accuracy to be used in computing probabilities? (I=!owest, m=medium, h=h 
igh) 
\m 
list input data in order to verify it? (y or n) 
\ 
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The meaning of each input parameter was explained earlier. Once 
the model is entered, it is verified as shown in the previous section 
and the energy adequacy is computed. 
COMPUTING THE ENERGY ADEQUACY 
Once a model has been verified, the computer asks if it should 
pause after each year. An answer of "yes" will cause the computer to 
stop after the probability of shortage is printed, and ask if additional 
information (to be described shortly) about that year should be printed 
(it has already been stored for later use). If so, the additional 
information is printed before going on to the next year; otherwise, 
the computer will immediately proceed to the next year. An answer of 
"no" to "pause after each year" will cause the computer to compute 
all years without interruption. Only the probability of shortage is 
printed (the additional information is still stored). The advantage 
of fino pause" is that one can leave the terminal while it is computing 
(it can take up to a minute to compute each year). 
The additional information that can be optionally printed as 
calculations are performed consists of (A) the minimum, maximum, most 
likely, median, mean, and standard deviation of the energy margin; and 
(B) the probabilities of different severities of shortage. After the 
additional information is printed, the computer asks if a plot is 
desired. Normally, a plot is not made. 
If the model is a stored model and the changes introduced did not 
affect certain years, the computer will not recompute the unaffected 
years, but will simply print a message indicating which years were not 
changed. 
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The following listing shows the process of computing the energy 
adequacy for a hypothetical test model covering eight years. The 
user specified that the computer was to pause after each year. The 
user requested additional information for three out of the eight years. 
No plots were requested. 
does this look ok?(y or n) 
\y 
pause after each year is computed?(y,n, or ?) 
\y 
year 77 - 78 
shortaqe probability= 0.0169 
want more info?(y or n) 
\n 
year 78 - 79 
shortage probability= 0.0704 
want more info?(y or n) 
\n 
year 79 - 80 
shortage probability= 0.1571 
want more info?(y or n) 
\y 
mean load is 1115 
min margin= -223 max marain= 431 margin range= 654 
median= 113 mode= 1i3 mean= 113 stddev= III 
prob. of 5 % of mean load short- 0.0661 
prob. of 10 % of mean load short- 0.0222 
prob. of 100 mw short= 0.0279 
prob. of 200 mw short= 0.0018 
plot?(y or n) 
\n 
year 80 - 81 
shortage probability= 0.1412 
want more info?(y or n) 
\n 
year 81 - 82 
shorta~e probability= 0.0141 
want more info?(y or n) 
\n 
year 82 - 83 
shortage probability= 0.1403 
want more info?(y or n) 
\y . 
mean load is 1310 
min margin= -288 max margin: 589 margin ranqe= 
median~ 162 mode= 162 mean= 162-stddev~ 
prob. of 5 % of mean load short- 0.0645 
prob. of 10 % of mean load short- 0.0246 
prob. of 100 mw short= 0.0399 
prob. of 200 row short= 0.0070 
plot?(y or n) 
\n 
year 83 - 84 
shortage probabi1ity= 0.0957 
want more info?{y or n) 
\n 
year 84 - 85 
shortage probabi1ity= 0.1278 
877 
149 
want more info?(y or n) 
\n 
year 85 - 86 
shortage probability= 0.3612 
want more info?(y or n) 
\y 
mean load is 1535 
min marqin= -499 max margin= 584 margin range= 1083 
median~ 67 mode= 74 mean= 64 stddev= 186 
prob. of 5 % of mean load short- 0.2231 
prob. of 10 % of mean load short- 0.1245 
prob. of 100 mw short= 0.1908 
prob. of 200 mw short= 0.0804 
plot?{y or n) 
\n 
save this run?{y or n) 
\ 
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Once all of the years affected by the user-introduced changes are 
recomputed, the computer will ask if the model is to be saved. If 
the user has already obtained the information he needs, or has dis-
covered additional errors in the model, he should answer "no". The 
computer will then ask if the user wishes to make additional changes 
and rerun. If not, the user is returned to the beginning of the com-
puter program, where the computer asks for the mode. On the other 
hand, if the user does want to make additional changes, he can do 
so by following the procedure shown earlier. 
If the user answers "yes" when asked if the model is to be saved, 
the computer responds in one of three ways, depending on the mode. If 
the mode is ei ther "modify" or "~," the computer asks for the name of 
the new model and saves the input assumptions and results under that 
name. If the mode is "fix," then the revised assumptions and results 
replace the information that had been stored previously. If the mode 
is "compare,-" the results are saved in an entirely different fashion 
which will be described later. In the "modify," "new," or "fix" mode, 
the computer saves the model, and then asks if the results are to be 
printed at the terminal. If so, the input assumptions and energy 
95 
adequacy are printed in compact format without labels (see Figure 16). 
The input assumptions are printed in the same format as that shown in 
Figure 15. The compact format for the energy adequacy is shown in 
Figure 16. Then, regardless of whether or not the results are printed 
at the terminal, the computer prints the results on the system line-
printer in report format (see Appendix A) and prints a message at the 
user's terminal. Several copies of the report may be prin ted if 
desired. The user is then returned to the beginning of the computer 
program, where he can leave or perform another study. The user is 
telephoned by the computer center when the report is finished. 
Appendix A is a sample of the type of report produced by CHANCE when 
the mode is "modify," "new," or "fix." This type of report is called 
a "hasic" report, since it documents one run of a base model. 
If the mode is "compare," then the results are saved in an 
entirely different fashion. The user is asked for a description of how 
the present model diffetS-from the base model. After the description 
is entered by the user, the computer stores the description and the 
corresponding energy adequacy. The computer then asks if another 
alternative is to be run. If so, the user makes additional changes 
and reruns. NOTE: Changes are cumulative--if the second alternative 
does not include the first alternative changes, then the first alter-
native changes must be changed back. If no more alternatives are to 
be run, the computer asks if the results are to be printed in compact 
format a t the terminal. If so, the header and energy adequacy for the 
base model are printed, followed hy the description and energy adequacy 
for each alternative (see Figure 17). Then, regardless of whether or 
save this run?(y or nJ 
\y 
what is the name of this new model?(up to 8 char.) 
\wwtest 
do you want an unformatted copy of the results riqht now?(y or n) 
\y 
77 85 7 12 2 2 800 .15 .07 0 0 .O~ a 0 1000 95 2 2 .05 100 
Test model. Has two cxistinq thermal plants, two planned thermal plants 
, variable loads, and 800MW of hydro 
n vel m wwtest 
7 7 
80 83 
7 6 
81 85 
11 12 
80 !l3 
0.00 0.20 
o 30 60 4U -10 -60 0 0 -50 
.6 .7 .75 .65 INPUT II 5 5 U M P T ION 5 
.04 .08 .05 .1 
1000 1072.51 1150.27 1233.68 1323.13 1419.07 1521.96 1632.32 1750.67 
1000 1040 1080 1120 1160 1200 1240 1280 1320 
(s e e F g u r e IS) 
3.0 8.0 
6.0 8.0 
2.0 8.0 
3.0 8.0 
3.0 !l.0 
6.0 8.0 
2.0 8.0 
3.0 8.0 
3.0 8.0 
oldcoal oldnuc newcoa1 newnuc 
1 .4 .5 .25 
300 1000 500 1200 
o ~O 50 25 -250 30 
-111 -181 -223 
filS 509 431 
21'3 173 113 
263 173 113 
263· 173 113 
124 117 111 
0.017 0.070 0.157 
0.005 0.027 0.066 
0.001 0.00& 0.022 
0.001 0.010 0.028 
0.000 0.000 0.002 
how many copies of 
'copy 
\1 
20 10 10 
-208 -124 
450 750 
125 324 
125 324 
125 324 
114 148 
0.141 0.C14 
0.056 0.004 
0.01f> 0.001 
0.026 0.001 
0.002 0.000 
the report 
-28B 
5E9 
162 
162 
162 
149 
0.140 
0.065 
0.025 
O.O~O 
0.007 
do you 
-301 
700 
218 
216 
218 
165 
0.096 
0.041 
0.015 
0.027 
0.005 
want? 
-334 
701 
209 
216 
205 
178 
0.128 
0.064 
0.027 
0.047 
0.013 
(0 to 
-499 
584 
67 
74 
64 
186 
0.361 
0.223 
0.124 
0.191 
O.OBO 
10) 
JOo EAMJOt74 ENTERED SCHEDULE QUEuE AT 14:08:52 77.119 
you will be contacted when the report is done 
mode?(c,f,m,n,d, or ?) 
\ 
J 
minimum enerqy margin (av. Mh') 
maximum energy margin (av. ~~~) 
median energy .TIiJrgin (av. HW) 
m::>d" for energy margin (av . .'1:1) 
me,):1 energy margin (a\'. ""'j 
stdndard deviation for energy margin (av. ~IW) 
probability of any shortage, for each year 
probability of being S~ short, for each year 
probability DE being 10% short, for each year 
probability of beinq 100 avo HW short, for each 
probability of being 200 avo HW short, for each 
Figure 16. Compact format of basic studY reslllts. 
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I 
\ EtiERGY-
(ADEOUACY 
year) 
year 
\0 
0-
run another alternative? (y or n) 
\n 
do you want an unformatted copy of the results rioht now?(y or n) 
_# .0"1> \y 
,;t" ;(' .. ""' .., 
# ~ ~ .. ~ ~ ~. 
",'II ~?;;f ~ # olt, vv, ~~8' 
~ ~. '" ~..,.;J' .. 'Ii 0 "'~ 
,,0 ,,10 .,,'> ,,'" .,,"!C;'o, v" / . 
,,'" ~ 1t,""'...,'II",""'...,e'llC;~ 
'loadstdy' 'exptest' 77 85 7 12 'm' 2 2 .05 100 
same as wwtest, except that new nuc will arrive earlier - - - - base model header 
-142 -196 -224 -224 -292 -438 -303 -393 -564 1 
514 442 405 388 341 283 440 396 305 
195 131 99 93 33 -76 78 20 -109 
195 131 99 94 33 -78 78 20 -109 
195 131 99 93 33 -75 78 20 -110 
111 108 107 108 107 120 126 136 150 r --
0.041 0.113 0.180 0.197 0.382 0.735 0.270 0.442 0.766 
0.014 0.045 0.075 0.083 0.191 0.536 0.123 0.250 0.585 
0.003 0.014 0.025 0.028 0.073 0.326 0.043 0.113 0.385 j 
0.003 0.016 0.032 0.038 0.110 0.423 0.080 0.192 0.524 
0.000 O.COO 0.002 0.003 0.015 0.151 0.013 0.055 0.275 
base model 
ENERGY-ADEQUACY. 
(see Figure 16) 
lower load forecast (between 2% and 5%) - - - - - changes for alternative one 
-142 -175 -181 -147 -195 -299 -135 -182 -303 
514 463 447 471 426 373 565 556 483 
195 152 141 164 124 39 224 197 100 
195 152 141 164 124 37 224 197 100 
195 152 141 164 124 40 224 197 100 
III 108 106 108 105 114 119 125 133 
0.041 0.081 0.095 0.066 0.122 0.369 0.030 0.060 0.227 
0.014 0.030 0.035 0.021 0.0~3 0.196 0.008 0.019 0.107 
0.003 0.009 0.010 0.005 0.012 0.083 0.001 0.004 0.041 
0.003 0.010 0.012 0.007 0.017 0.114 0.003 0.009 0.068 
0.000 0.000 0.000 0.000 0.000 0.018 0.000 0.000 0.012 _/ 
lower loads, and hieher participation in newnuc 
-142 -175 -181 -147 -195 -308 -41 -71 -190 
514 463 447 471 426 462 701 704 630 
195 152 141 164 124 55 340 327 230 
195 152 141 164 124 47 340 327 230 
195 152 141 164 124 59 340 327 230 
111 108 106 108 105 126 126 131 139 
0.041 0.Ob1 0.095 0.066 0.122 0.331 0.003 0.006 0.050 
0.014 0.030 0.035 0.021 0.043 0.178 0.000 0.001 0.017 
0.003 0.009 0.010 0.005 0.012 0.077 0.000 0.000 0.004 
0.003 0.010 0.012 0.007 0.017 0.104 0.000 0.000 0.009 ) 0.000 O.GUO 0.000 0.000 0.000 0.017 0.000 0.000 0.000 
how ... any copies of the report do you want? (0 to 10) 
'copy 
\1 
JOB EAMOOl54 ENTERED SCHEDULE QUEUE AT 16:15:08 77.123 
you will be contacted when the report is done 
mode?(c,f,m,n,d, or ?) 
\ 
alternative one 
-- ENERGY-ADEQUACY 
- - -
changes for alternative two 
alternative two 
ENERGY-ADEQUACY 
Figure 17. Compact format of comparison study results. 
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not the results are printed at the terminal, the computer prints the 
results in report format (see Appendix B) on the system lineprinter and 
prints a message at the user's terminal. Several copies of the rt'port 
may be printed, if desired. The user is then returned to the beginning 
of the computer program, where he can leave or perform another study. 
The user is telephoned by the computer center when the report is fin-
ished. Appendix B is a sample comparative report. 
RECAP OF THE COMPUTER PROGRAM OPERATION 
By now, the reader may feel somewhat overwhelmed while trying to 
keep track of the flow of execution, the various options, and the 
levels of the command hierarchy. Figure 18 summarizes the options and 
command hierarchy of the model-changing procedure. Figure 14 (shown 
earlier) provides an overall flowchart summarizing the flow of execu-
tion as a function of the mode. In addition, Appendix C exhibits a 
complete session at the computer terminal. To help the reader under-
stand the operations taking place, comments are written directly on 
the listing. The session consists of updating a permanently-stored 
model, then modifying the stored model to create an experimental model. 
and finally, doing a comparison study based on tqe experimental model. 
SPECIAL INSTRUCTIONS 
Erasing Erroneous Characters or Lines 
If one or more erroneous characters are typed, the user types a 
"backspace" for each erroneous character, and then resumes typing. 
It is often helpful to manually r'>ll the carriage up after backspacing. 
\-::ICH \::?ODEL 
r-
.- -------~-~one I ----~II~~--~L---------lr------------------
G 
!.~d !.Hermal I 
.! ~ .!rydro 
"" r f! 1 :! "h" 
• LOAD FORECAST. 
~olle 
~ 
CHANGE ENERGY 
CAPABILITY 
FOR ALL PI.A!lTS 
al 
energy-
capability 
C!lANGE EC, 
ONE AT t. TI 
UNTIL DONE 
Figure 18. 
CHANGE 
GENERAL CHAR-
ACTERISTICS 
.. 
CHANCE 
ARRIVAL 
ASSUHPTIONS 
SUBHOIlr.L 
Command hierarchy of the model-changing procedure. 
\0 
\0 
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so that the new characters can be read. If it is discovered that an 
entire line of text is wrong, then the user backspaces to the beginning 
of the line, being careful not to backspace over the backslash. The 
line can then be reentered. 
~1at To Do When Errors Result 
If erroneous data is inadvertently entered, and if it is too late 
to correct it by backspacing, the erroneous data can be left for the 
time being and changed later by going through the model-changing 
procedure described earlier. 
If the computer types a message that "line XXX was the last line 
executed" or just stops dead, then the execution of the program has 
somehow been terminated. To restart, type "xeq YYY thru ..• " where 
YYY is the line number XXX minus 10. If the computer has stopped 
without printing a line number, the user can type "list status". This 
will cause several columns of information to be printed, one o'f which 
is the current line number. XXX is the first number in this column. 
Listing the Available Models 
Typing "catalog list" before executing CHANCE will elicit a 
list of the currently-stored models. In addition, the file names 
"filII/BASIC" and "fflll/STUDY" will be printed. These are files used 
internally by CHANCE and may be ignored. 
Erasing Obsolete Models 
Obsolete models should he erased because file space on the com-
puter is limited. One way to erase an obsolete model is to save a 
new model under the same name as the obsolete model. Otherwise. the 
following procedure must be used. After logging in to the computer, 
but before typing "load (CHANCE, www)", type: 
"1 dcl @temp file" 
"open file (@temp) title ('eam.test.flname') output" 
"file erase (@temp)" 
The "flname" is the name of the model to be erased. 
Continuing Input Beyond One Line 
1 (ll 
This depends on the type of terminal. On an IBM 2741, the user 
types an uppercase carriage return. On a Trendata, the user can keep 
on typing (but the characters won't print) or the reset button can 
be pushed. The reset button is under the cover. For a Trendwriter, 
the "local" button is pushed, a carriage return is typed, and the 
"line" button is pushed. 
Extra Copies of Reports 
To obtain an extra copy of the most recent basic report, type 
"sched(CBASIC, www)youmame yourphone" after logging in to CPS. To 
ohtain an extra copy of the most recent comparison report, type 
"sched(CSTUDY, www)yourname yourphone" after logging in to CPS. To 
get a copy of the basic report for any of the stored models, the user 
can type: 
"load (REPORT, www)" 
"call REPORT ('name', 'who')" 
"Name" is the name of the niodel, and "who" is the user's name and tele-
phone number. 
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MAINTAINING THE DATABASE 
To keep the CHANCE model up-to-date, it is necessary to correct 
the input assumptions as more data becomes available, and also to 
extend the time horizon once a year. The first is easily done using 
the "fix" option of the computer program, which only takes a few 
minutes. 
In order to extend the time horizon, the data for the year to 
be added is ~ollected. This includes the load, net contracts, hydro 
withdrawals, maintenance, and any additional future resources. Also, 
any plants that became commercial during the preceding year are added 
to the existing resources and removed from the future resources. The 
model is then entered into the computer as a new model and saved using 
the name of the model it replaces. This entire process will usually 
require only a few hours. 
CHAPTER VI 
EXAMPLE APPLICATION 
This chapter describes the application of CHANCE to a specific 
electrical energy supply system, that of Pacific Power and Light Company 
(PP&L). Historical data and other relevant information was analyzed 
to determine the appropriate input assumptions. The resulting set of 
assumptions is referred to as the standard 10-year PP&L model, 
STDlOYR. STDlOYR looks ahead 10 years and is based on a fiscal-year 
time period. The first section summarizes the assumptions regarding 
PP&L's hydro resources. The second section looks at historical data 
on the plant capacity factors for PP&L's existing thermal resources. 
Suggested assumptions for plant capacity factors and maintenance are 
then given. The third section describes a Delphi survey used to 
determine appropriate arrival assumptions for future power plants. 
Following this, PP&L's historical energy load is analyzed and the 
offical load forecast is given. The resulting energy adequacy is then 
summarized. The final section briefly describes two other CHANCE 
models designed for PP&L. 
HYDRO RESOURCE ASSUMPTIONS 
As discussed in Chapter IV, the hydro resources are assumed to 
be Normally distributed, with the" standard deviation expressed as a 
fraction of the mean. The results of the RIVERS computer program 
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indicate that PP&L's mean EC is 978 average MW in fiscal year 1976-77 
and that the standard deviation is 13.3% of the mean. PP&L's hydro EC 
is decreasing each year because some of their contract hydro entitle-
ments are expiring. Table II shows the year-by-year changes in PP&L's 
mean hydro EC. 
TABLE II 
PP&L'S INCREMENTAL CHANGES IN MEAN HYDRO EC (AVERAGE MW) 
Year 
77- 78- 79- 80- 81- 82- 83- 84- 85- 86-
78 79 80 81 82 83 84 85 86 87 
-25 -(\8 -79 -21 -11 -9 -13 -3 -1 -1 
THERMAL PLANT CAPACITY FACTOR AND MAINTENANCE ASSUMPTIONS 
Historical Capacity Factors for PP&L Thermal Plants 
PP&L is now operating nine major coal power plants. Most of 
these power plants went into operation in the last five years. For 
this reason, a study of the annual capacity factors would be based on 
extremely scanty data. Instead, monthly data for recent years was 
analyzed. In addition to data regarding the actual historical capacity 
factor, there is also data on the "equivalent availability"--a measure 
of how much the plant could have generated if full output had been 
requested. Neither of these numbers can be directly used as the EC 
factor. The historical capacity factor is too low because PP&L 
frequently scheduled its coal plants to run at reduced output levels. 
The equivalent availability is likely to be overestimated because a 
plant running at half power is easier to maintain while it is operating. 
Thus, the plant may appear capable of operating at 100%, but then as 
soon as 100% operation is requested, malfunctions begin to occur. 
Table III shows the mean and standard deviation for monthly capacity 
factor and monthly equivalent availability for each plant, for the 
past two years. Months during which scheduled maintenance occurred 
are excluded. 
TABLE III 
MONTHLY CAPACITY AND EQUIVALENT 
AVAILABILITY FACTORS FOR 
PP&L PLANTS 
CaEacit~ Factor Eguivalent Availability 
Plant Period Mean Std. Dev. Mean Std. Dev. 
DJ III 1/75-9/76 .82 .15 .94 .11 
DJ 112 " .91 .10 .97 .04 
DJ If3 " .65 .15 .73 .17 
DJ 114 " .65 .11 .74 .10 
Cent 111 " .60 .20 .75 .22 
Cent 112 " .71 .17 .83 .13 
JB III " .65 .14 .86 .13 
JB 112 1/76-9/76 .45 .14 .87 .11 
Existing Thermal Plant EC Assumptions 
PP&L is continually evaluating data such as that shown in 
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Table III, and updating the official assumptions used in its planning 
models. The PP&L STDlOYR model will use the official PP&L assumptions 
for the mean EC factor of coal and nuclear plants (see Table IV). 
The monthly standard deviation shown in Table III cannot be 
directly substituted for the annual standard deviation. The annual 
standard deviation can be approximated by assuming that the EC for 
each month is independent of the EC for other months. This may intro-
duce minor errors, but one can easily show that the standard deviation 
in existing plant EC factors is only a minor contributor to the total 
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variation in PP&L's EC (the standard deviation in hydro EC and future 
plant EC is much larger). The formula for approximating the annual 
standard deviation from monthly standard deviation, assuming indepen-
dence, is: 
ANSD 
( 
12 ) 1/2 
= .ri(PK*MSD)2 
1'3 MSD 
6 
where, ANSD 
PK 
MSD 
12 * PK 
is the annual. standard deviation, 
is the peak capacity of the plant, and 
is the monthly standard deviation. 
(12) 
Equation (12) results from treating the monthly EC's as independent. 
Normally-distributed, random variables. The standard deviation for the 
sum of 12 such random variables is the RMS value of the standard devia-
tions of each. The annual standard deviation in EC factor for existing 
plants was first determined using equation (12). These numbers were 
reviewed and modified by persons having information as to why the past 
behavior might not be a good indicator of future behavior. The result-
ing numbers are shown in Table IV. 
The maintenance of PP&L's existing power plants is assumed to 
take place on the months indicated by PP&L I s long-range, monthly main-
tenance schedule. These numbers are duplicated in Table V. 
Future Thermal Plant EC Assumptions 
As discussed in Chapter IV, the effective EC factor for thermal 
plants is obtained by combining plant capacity factor assumptions and 
plant arrival assumptions. The plant capacity factor assumptions are 
similar to the EC factor assumptions for existing plants except that 
average annual maintenance is taken into account. 
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TABLE IV 
PP&L EXISTING THERMAL PLANT EC ASSUMPTIONS 
Energy Capability Factor 
% Owned (Excluding Maintenance) 
Plant Size (MW) by PP&L Mean Std. Dev. 
DJ 111 100 100.0 .90 .03 
DJ 112 100 100.0 .90 .03 
DJ 113 220 100.0 .70 .05 
DJ 114 330 100.0 .70 .03 
CENT III 650 47.5 .70 .04 
CENT 112 650 47.5 .70 .04 
JB III 500 66.7 .75 .04 
.IB 112 500 66.7 .75 .04 
TROJAN 1130 2.5 .75 .05 
JB 113 500 66.7 .75 .04 
TABLE V 
NUNBER OF HEEKS OF MAINTENANCE FOR EXISTING PP&L THERMAL PLANTS 
Year 
76- 77- 78- 79- 80- 81- 82- 83- 84- 85- 86-
Plant 77 78 79 80 81 82 83 84 85 86 87 
DJ III 6 5 6 1 2 3 6 1 2 0 3 
DJ 112 6 3 6 3 3 2 5 2 3 6 1 
DJ 113 8 3 3 4 4 3 3 4 10 3 3 
OJ 114 6 0 6 0 3 7 2 3 3 3 6 
CENT III 2 6 4 4 4 4 8 4 4 8 8 
CENT 112 0 2 4 8 4 8 4 4 4 4 4 
JB III 4 8 6 4 4 4 8 3 4 4 4 
JR 112 11 4 0 8 3 4 4 4 12 3 4 
TROJAN 8 8 8 8 8 8 8 8 8 8 8 
JS 113 0 11 4 4 8 3 4 4 4 12 3 
For future coal-fired plants, the mean EC factor used for the 
existing Jim Bridger units (JB Ill, JB 112, and JB 113) will be used, 
except reduced to reflect an average of five weeks of annual main ten-
ance. The standard deviation is increased slightly because a future 
plant may turn out ~o be somewhat better or worse than an average 
plant. 
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For nuclear plants, a lower mean EC factor is used. This is in 
accordance with official PP&L planning practices and the national data 
cited in Chapter IV. The standard deviation of the national data was 
thought to be somewhat high because nuclear technology is so new. 
Even so, the STD10YR model assumes a high standard deviation for the 
EC factor for future nuclear plants (see Table VI). This can be 
lowered when increased nuclear experience supports a reduction. 
Plant 
WYODAK 
JB 114 
COLSTR 113 
COLSTR 114 
PBLSPR III 
WPPSS 113 
SKAGIT III 
WPPSS #5 
SKAGIT 112 
PPLCOAL 1 
PPLCOAL 2 
TABLE VI 
PP&L FUTURE THERMAL PLANT EC ASSUMPTIONS 
Energy Capability Factor 
% Owned (Excludins Maintenance) 
Size (MW) by PP&L Mean Std. Dev • 
330 90.0 . 70 .05 
500 66.7 .70 .05 
700 10.0 .70 .05 
700 10.0 .70 .05 
1260 25.0 .65 .10 
1240 10.0 .65 .10 
1288 20.0 .65 .10 
1240 10.0 .65 .10 
1288 20.0 .65 .10 
500 100.0 .70 .05 
500 100.0 .70 .05 
FUTURE THERMAL PLANT ARRIVAL ASSUMPTIONS 
Some planned power plants have been granted state site certifi-
cates, while others have not. Nuclear power plants that ~ave not been 
granted a site certificate are suhject to a variety of unpredictable 
delays in license hearings. To help estimate these potential delays, 
a Delphi survey was perfonned (to be described shortly). Power plants 
that have been granted a state certificate are only subject to con-
struction delays. These delays are shorter and better understood; thus, 
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they can be estimated without the help of a survey. Coal power plants 
have not historically been subject to the long delays that nuclear plants 
have historically undergone during license hearings. Thus, the Delphi 
survey dealt only with nuclear plants even though certain planned coal 
plants have not been granted a state certificate. 
For coal plants that have been granted a state certificate, the 
most likely arrival time is assumed to be their "probable energy date," 
as established by PNUCC (Pacific Northwest Utility Coordinating Council) 
Task Force 8. Their earliest arrival time is assumed to be a few 
months earlier than their probable energy date. Their latest arrival 
time is assumed to be four or five months after their most likely 
arrival date. The coal plants planned for 1985 and later have not 
received certification. It is assumed that they are most likely to arrive 
on their scheduled arrival date. They may arrive a few months early or 
up to a year late. It is also assumed that the probability that each 
later coal plant will not be built is 10%. 
Delphi Survey of Nuclear Plant Arrival Dates 
This section documents a Delphi survey regarding the anticipated 
arrival date of planned nuclear power plants in the Northwest. The 
panel of participants and the procedure employed are discussed first. 
The results of the survey are shown next. The last subsection gives 
conclusions and recommendations. The Round One questionnaire, exhibited 
as Appendix D, includes a discussion of the motivation for carrying 
out the survey. The Round Two questionnaire, exhibited as Appendix E, 
summarizes the participant comments. 
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The Delphi Procedure. For general information on Delphi, the 
reader is referred to Linstone and Turoff (1975). The first step was 
to design an appropriate Round One questionnaire. This proved difficult 
because people don't directly experience or relate to probabilities and 
uncertainties. An early version of the questionnaire asked the respon-
dents to indicate, on a time line, five points of the cumulative arrival 
distribution function. Preliminary testing of this questionnaire 
indicated that respondents might have considerable trouble with it, so 
a new questionnaire was designed. The revised questionnaire asked for 
the earliest, latest, and most likely arrival times--a technique 
employed very successfully in PERT analysis (Hillier and Lieberman 
1967, p. 229). 
Only the first unit at multi-unit sites was included in the 
survey. The latest scheduled arrival date and probable energy date 
were obtained for each plant in the survey. Since the plants in the 
survey had not received state certification, there was a chance that 
certain projects might not be built. Questions were included to deter-
mine the likelihood that particular plants would not be built. Ade-
quate space was allowed for comments. Appendix D shows the Round One 
questionnaire. 
The panel was selected to represent a cross-section of executive 
management, construction management, design engineers, nuclear quality 
control personnel, and planners. Half of the panel were selected from 
PP&L and half were selected from other Northwest utilities and agencies 
that have an interest in one or more of the power plants in the survey. 
There was a total of eighteen participants. The survey was mailed to 
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each participant, along with a cover letter and an explanation of the 
survey. Two-thirds of them were returned during the next four weeks. 
The surveys were analyzed to determine what feedback should be 
included in the Round Two questionnaire. First, the comments were 
grouped together and then summarized (see Appendix E). It was decided 
that it would be less confusing to indicate the group median and range 
for the Round One responses rather than introduce the notion of 
* quartiles. On the Round Two questionnaire, the respondent was asked 
to give his revised answers after seeing the specific comments and the 
group median and range from Round One. He was asked to give additional 
comments only if his answers were outside the group range. Appendix E 
shows the Round Two questionnaire. 
The Round Two questionnaires were mailed out with a cover letter 
asking for their return by a specific date approximately three weeks 
later. Seven questionnaires (40% of the total) were returned during 
the next six weeks. The answers were analyzed and compared to the 
Round One results. All answers except one were within the Round One 
range and there were only a few additional comments. It was decided 
to terminate the survey and document the results. 
Survey Results. Since the results of Round One are summarized in 
the Round Two questionnaire (see Appendix B), this section deals only 
with the results of Round Two. 
The results of Round Two are similar to the results of Round One. 
Surprisingly, even the probability that plants will not be constructed 
didn't change significantly--even though Round Two was circulated after 
the nuclear referendums were defeated. In general. there was some 
*Used in many Delphi studies performed in academic circles. 
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convergence from Round One to Round two. The specific results are 
shown in Table VII. 
TABLE VII 
RESULTS OF DELPHI SURVEY 
PED Median Answer Range of An,wers 
(Probable Arrival Change From (Middle r·..Io-third5) 
Plant Name Energy Date) Date Round Two Round One Rc.ur.d Two Conv"r,ence 
SkaSit 1 
Pebble 
Sprinss 1 
WPPSS 1 
WPPSS 3 
8/84 Nost L1~ely 
Earliest 
7/65 
10/82 
5/84 
Latest 
Nonarrival Chance 
M05t Likely 
Earliest 
Latest 
Nondrrivdl Chance 
Nost Likely 
Earliest 
Latest: 
Nonarrival Chance 
Most Likely 
Earliest 
Latest 
Nonarrival Chance 
2/85 
2/84 
3/86 
10% 
7/97 
7/85 
7/88 
20;: 
2/83 
8/82 
2/84 
07. 
6/84 
1/84 
7/85 
10~ 
No Change lO/fJ/,-7 /a~ :;l1<;ht 
No Change 8/83-6/84 Slight 
No Change 1/86-8/86 Sl1;;ht 
Less 57.-207. None 
Much Later 7/86-7/87 Huch 
Little Later 3/85-8/J5 xuc~ 
Much Later 1/87-7/89 S0me 
No Cr.ange 20:;-20:r. 50",e 
No Change 1/83-5/83 ~:uch 
No Choln£e 6/82-1/63 51::',;h: 
No Ch.lncie 1/84-7/84 Sv:.r.c 
No Change Oi:-2;: !;o:,c 
Little Later 5/84- 7/84 Sor..e 
Little Later 1/8/,- 2/84 SOill(! 
No Change 3/85-12/85 Kor.e 
No Change 5%-104 SOllle 
Table VII provides adequate information to recommend planning 
assumptions for specific plants (see the following section). However, 
additional analysis is needed in order to develop general guidelines. 
Figure 19 depicts the arrival data, based on median responses, as 
a function of time. The area of each tetrahedron is the same, so that 
its height at any point in time corresponds roughly to the arrival 
probability density at that time. 
Since the PED (probable energy date) is usually available, it 
would be useful if the general guidelines related the various arrival 
parameters to the PED as a functiun of time. Figure 20 shows the 
various parameters relative to PED and plotted against PED. 
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Figure 19. Future plant arrival parameters determined by 
Delphi survey. 
By inspecting Figure 20, it is obvious that any elaborate curve-
fitting exercises would not be justified. Consequently, an ordinary 
linear least squares fit was performed. The resulting slopes were used 
to formulate the guidelines which follow. 
Conclusions and Recommendations. In view of the results, it is 
reasonable to conclude that the most likely arrival date for a nuclear 
plant is later than its scheduled arrival date and also later than its 
probable energy date. The expected delay seems to depend. on the year 
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Figure 20. Arrival parameters relative to PED. 
the plant is scheduled to arrive, whether or not the present schedule 
has been recently updated, and the location of the plant. The uncer-
tainty of the arrival date (essentially the range of possible arrival 
dates) seems to depend primarily on the year the piant is scheduled to 
arrive. 
Recommendations are grouped into two categories: (1) planning 
Assumptions to be used as input for the STDlOYR CHANCE model, and 
(2) suggested procedures for estimating the arrival parameters for 
future nuclear plants not specifically named in the survey. 
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For those nuclear plants specifically mentioned in the survey, 
the STDlOYR CHANCE model will simply use the median responses of the 
panel (see Table VII). Nuclear power plants which are twin units of 
one of the plants in the survey will be assumed to follow the first 
unit by the officially-scheduled number of months. 
For nuclear plants that are not in the survey (and not a twin 
unit of a plant in the survey), and on which construction has not begun, 
the following procedure is suggested: 
(A) Obtain an up-to-date probable energy date, PED. 
(B) Assume that the earliest arrival date is PED minus 
three months. 
(C) For a plant on which the PED is six years away, assume 
that the most likely arrival date is the PED. For 
each additional year away, add another six months. 
(D) For a plant six years away, assume that the latest 
arrival date is the PED plus a year. For each 
additional year away, add another eight months. 
(E) For a plant six years away, assume that the probability 
of being scrapped is zero. For each additional year 
away, add 5%. 
(F) Make additional adjustments to account for plant loca-
tion or any other pertinent information. 
Note that the above procedure is based on an extremely limited survey 
and should be treated as nothing more than an initial approximation. 
Summary of Future Plant Arrival Assumptions 
While the Delphi survey was being carried out, a set of working 
assumptions for the arrival of future plants had to be adopted. These 
working assumptions were used during most of the evaluation exercises 
described in the next chapter. The working assumptions are given in 
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Table VIII. The Delphi results were tested during the evaluation and 
STD10YR has now been modified to reflect the Delphi results. 
TABLE VIII 
WORKING ASSUMPTIONS FOR FUTURE PLANT ARRIVALS 
Most Likely Earliest Latest Chance of 
Plant Arrival Arrival Arrival Not Arriving 
WYODAK 5/78 4/78 9/78 0% 
JB 114 12/79 9/79 4/80 0% 
COLSTR 113 2/81 11/80 6/81 10% 
COLSTR 114 12/81 9/81 4/82 10% 
PBLSPr. ". 7/85 4/85 6/87 20% if 1-
WPPSS 113 5/84 2/84 5/86 20% 
SKAGIT til 8/84 7/84 6/86 20% 
\\1PPSS lIS 11/85 8/85 11/87 20% 
SKAGIT #2 8/86 7/86 6/88 20% 
PPLCOAL 1 9/8S 7/85 9/86 10% 
PPLCOAL 2 3/87 12/86 3/88 10% 
LOAD ASSUMPTIONS 
Analysis of PP&L Energy Load Data 
Figure 21 shows the unadjusted PP&L monthly energy load. The 
energy load shows a strong seasonality component and a consistent 
trend. These must be removed in order to study the random variation. 
The current practice at PP&L is to first remove any major block load 
changes from the data. Then, the data is temperature corrected. These 
adjustments are probably reasonable when only the trend is desired. 
However, when information about the fluctuation around the trend is 
also desired, these adjustments should not be made. 
After the temperature and block load adjustments are done, a 
l2-month moving average is computed. The l2-month moving average is 
an accepted method for removing seasonality from data. The resulting 
data are fit to an exponential curve, using a least squares algorithm. 
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Figure 21. PP&L monthly energy load. 
The fit is very good (R2) .95, meaning that 95% of the behavior is 
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accounted for by the exponential model). If the short-term portion of 
the resulting trend appears unreasonable, additional adjustments are 
made. The resulting forecast is shown in Figure 22. 
Notice that no confidence limits are given. According to PP&L 
planners, no confidence limits are given because the data are auto-
correlated, which means that the residuals (that which is left after 
removing the seasonality and trend) cannot be treated as a random 
variable. Since the residuals were very small, PP&L decided to use 
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Figure 22. PP&L energy load forecast. 
point estimates with no confidence limits. There is also some question 
whether the exponential model is ~ppropriate. PP&L is presently review-
ing their load forecasting methods. 
In order to verify the auto-correlation, the residuals were 
plotted against time (see Figure 23). Even though auto-correlation 
appears minimal, the residuals are not independent of time. Therefore, 
the trend is inadequately accounted for by the exponential model. 
Notice that the first nine years of residuals seem to be random--during 
this period, the trend was properly accounted for. 
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It may be useful to view variation in the trend separately from 
variation due to weather and other random phenomena. This second type 
of variation can be viewed as "inherent variation." The inherent 
variation can be isolated by considering a time period in which the 
trend showed little variation, i.e., 1963-1972 (See Figure 22). The 
fit of an exponential curve to the raw load data for those years was 
extremely good. Figure 24 shows the residuals as a percentage of the 
load, plotted against time. 
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Figure 24. Residuals for exponential fit to 1963-72 PP&L 
energy load data. 
The standard deviation of the load residuals is less than 1% of the 
load. Clearly, the major source of energy load variation is variation 
in the trend. Note that it is quite sensible to use point estimates 
when the trend is constant, as it was up until recently. 
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Unfortunately, it does not appear to be possible to use historical 
load data to forecast the energy load trend because the data is repre-
sentative of an era of unlimited expansion. This era has now drawn 
to a close. 
In an attempt to discover any emerging patterns, PP&L analyzes 
energy load growth in the reSidential, commercial, and industrial sec-
tors. The Northwest Power Pool has had the National Economic Research 
Associates design an econometric load forecasting model for the entire 
Northwest area. PP&L intends to build its own econometric load fore-
casting model, patterned after the model for the Northwest. 
Assumed Load Forecast 
Until the load forecasting methods are revised, the STDlOYR 
CHANCE model will use the official PP&L energy load forecast shown in 
Figure 22. This forecast is reproduced in Table IX. PP&L has con-
tracts for fixed blocks of energy in various years. The net amount of 
these contracts in each year is also shown in Table IX. 
TABLE IX 
PP&L TOTAL COMPANY ENERGY LOAD FORECAST AND NET CONTRACTS (MW) 
Year 
76- 77- 78- 79- 80- 81- 82- 83- 84- 85- 86-
Item 77 78 79 80 81 82 83 84 85 86 87 
Loads 2174 2299 2433 2574 2724 2884 3054 3233 3424 3628 3843 
Net Con- 2 -36 -58 -27 39 28 12 96 94 96 92 tracts 
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RESULTS OF THE STDlOYR CHANCE MODEL 
The assumptions described in previous sections constitute the 
PP&L STDlOYR CHANCE model. This model was entered into the CHANCE 
computer program which produced the results shown in Table X. 
TABLE X 
PP&L STDlOYR CHANCE RESULTS 
Year 
76- 77- 78- 79- 80- 81- 82- 83- 84- 85- 86-
Item 77 78 79 80 81 82 83 84 85 86 87 
Mean Energy 
Margin (Av. MW) 420 245 249 193 219 71 -104 -155 -341 -113 35 
S.D. in Energy 
Margin (Av. MW) 133 131 124 118 113 113 113 112 131 188 210 
Chance of Any 
Shortage (%) 0 3 2 5 3 27 82 92 100 71 40 
Chance of Short. 
More than 150 MW 0 0 0 0 0 3 34 52 93 41 18 
Chance of Short. 
More than 300 MW 0 0 0 0 0 0 4 10 62 16 7 
Yearly Shortage 
Severity Index 0 3 2 4 2 24 119 161 307 139 68 
What does Table X imply? Several things. First, if the input 
assumptions are correct, then PP&L is severely energy-inadequate begin-
ning in 1982. Fortunately, many of the STDIOYR assumptions may not be 
particularly realistic. The official load and resource assumptions 
used by Northwest electric utilities tend to understate resources and 
overstate loads. The load growth assumptions are presently being 
reviewed. As shown in the next chapter, CHANCE is highly sensitive 
to the assumed load growth. The assumed mean EC for thermal resources, 
to which CHANCE is also quite sensitive, may prove to be overly 
conservative. 
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Another interesting aspect of the results is the uncertainty in 
energy margin. Up until planning year 83-84, the hydro EC uncertainty 
is completely dominant, contributing over 95% of the uncertainty. 
Then, in the last three years, the arrival uncertainty of future plants 
begins to have an effect. In planning year 86-87, nearly half the 
uncertainty in energy margin is due to the uncertain arrival times of 
future plants. The introduction of load uncertainty might have equally 
large effects. 
One final comment. Notice that YSSI is substantially larger in 
planning year 84-85 than other years. The extra severity of the situa-
tion for that year is due to the high chances that a severe shortage 
will occur. If one considers only the chances of any shortage, for 
example, several other years appear to be nearly as inadequate. To 
get a complete picture, one must consider the magnitudes and probabil-
ities of different shortage severities. Thus, YSSI is a useful aggre-
gate index because it combines information about different shortage 
severities. 
OTHER CHANCE MODELS 
Besides the STD10YR model described above, two other models have 
been built. The first, called STD20YR, is very similar to STD10YR 
except that it extends for 20 years, and therefore has additional 
resources. The results for STD20YR are available in the "CHANCE Base 
Model Descriptions and Comparison Studies" computer output folder main-
tained by the Power Resources Planning Section at PP&L. 
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The third model was built as part of the sensitivity analysis 
and is described in the next chapter. This model, called FALLlOYR, is 
based on a September to December time period, rather than the fiscal 
year. 
CHAPTER VII 
EVALUATION OF CHANCE 
Chapter VII begins with some general comments on evaluation. The 
remaining sections describe specific evaluation exercises that were 
carried out. These evaluation exercises were performed relative to a 
specific application of CHANCE--the PP&L STDlOYR model elaborated in 
the previous chapter. 
GENERAL COMMENTS ON EVALUATION 
Evaluation is always difficult to perform. If criteria are 
delineated prior to implementation and rigidly adhered to, then many 
subjective but nevertheless important considerations might be ignored. 
On the other hand, a purely subjective evaluation might be shallow and 
inconclusive. Consequently, the following broad evaluation categories 
must be considered: 
(1) the technical correctness of the conceptual model, 
(2) the appropriateness of the conceptual model, 
(3) the appropriateness of the computer program, and 
(4) the impact of the model and computer program upon users. 
These are briefly discussed in the following paragraphs. 
The conceptual model is technically correct if realistic inputs 
result in realistic outputs. This will be the case if the use of prob-
abilities and the use of methods for manipulating random variables are 
theoretically sound. 
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The conceptual model is appropriate when. as a minimum: (1) the 
assumptions made are correct and practical relative to the circum-
stances, (2) the model has an intuitive a priori appeal, and (3) the 
model is efficient (provides the necessary output for as little cost 
and effort as possible). 
The computer program must be easy to use, must provide the desired 
flexibility, should have practical computation and storage costs, and 
should be easy to maintain on a continual basis. 
The impact of the model and computer program on users must be 
ascertained. How often are the results of the model used? How do 
decision-makers react when they use the computer program and see the 
results? In the end, how do persons, as a result of using the CHANCE 
model. change their decision-making? 
All of the above evaluation categories were considered during the 
conceptual model development and during the implementation. The tech-
nical correctness and appropriateness of the conceptual model wasestab-
lished in Chapter IV. In addition, several evaluation studies were 
undertaken. The next section describes a calibration effort to verify 
that CHANCE properly duplicates that results of the non-probabilistic 
PP&L Load and Resource Study when given non-probabilistic inputs. The 
third section establishes upper and lower limits for PP&L's energy 
margin, in an attempt to partially validate the probabilistic aspects 
of CHANCE. The fourth section studies the sensitivity of the PP&L 
STDIOYR CHANCE model to selected input parameters. 
The appropriateness of the • .!omputer program was established in 
Chapter V. 
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The last evaluation category required that special procedures be 
carried out before and after CHANCE was implemented. These special 
procedures included the establishment of a "benchmark" before the 
CHANCE model was made available. This benchmark documented the process 
for computing energy adequacy before CHANCE was available, and is com-
pared in the last subsection to the process used now that CHANCE is 
available. Also, a presentation was given to introduce potential users 
to the capabilities of CHANCE. The response was quite favorable. 
Attendees didn't use the computer themselves, but instead, alternative 
assumptions were solicited from them at the start of the meeting. A 
clerk entered these into the computer, and before the presentation was 
over, brought back a report showing the results of the alternative 
assumptions. Attendees found this rapid turnaround very pleasing. 
At a later time, the CHANCE results were used in a special task 
force meeting. The team was so enthusiastic that the Manager of Power 
Resource Planning at PP&L learned how to run the computer program 
himself. Thus far, five people have learned how to run the CHANCE 
program. All of these people were quite happy with the results and 
enjoyed the experience. 
CALIBRATION TO PP&L' s LOAD AND RESOURCE STUDY 
CHANCE was given inputs corresponding to non-probabilistic 
resources (and loads), from which it computed a point estimate for the 
energy margin for each year. The results were checked against the 
Annual Summary of PP&L's Load and Resource Study. Certain adjustments 
had to be made in the inputs to both CHANCE and the Load and Resource 
Study in order to get them to agree. 
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CHANCE was given fixed hydro resources and withdrawals, corres-
ponding to the first year of the critical hydro period, 1928-29. 
CHANCE was also given the same plant factors, contracts, and loads used 
in the Load and Resource Study. All future plants were assumed to 
arrive on their probable energy date. Maintenance for existing plants 
was the same as in the Load and Resource Study, except the number of 
weeks was multiplied by 13/12. The Load and Resource Study treats four 
weeks as one month, whereas CHANCE treats four weeks as four weeks. 
Future plant maintenance in CHANCE is modeled by reducing the plant 
capacity factors for future plants. 
The PP&L Load and Resource Study Annual Summary Sheet was modi-
fied to reflect a constant capacity factor for each power plant for 
all years of its operation. The PP&L Load and Resource Study normally 
assumes that plants will operate at a reduced level during their first 
year of operation. The maintenance of future plants was modified 
to be a constant amount every year, as required by CHANCE. Also, the 
numbers for 1976 were modified slightly to compensate for a complica-
tion regarding the Jim Bridger Power Plant contract. Finally, one 
planned power plant was eliminated from the 1986 calculations. 
With these adjustments, the energy margin resulting from the 
CHfu~CE model agrees with the PP&L Load and Resource Study Annual 
Summary-. This, in a sense, validates the deterministic aspects of 
CHANCE. 
UPPER AND LOWER LIMIT ESTIMATES 
The probabilistic aspects of: CHANCE are much more difficult to 
validate. One check is to compute upper and lower bounds for PP&L's 
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energy margin--"best" and "worst" cases--to make sure that the PP&L 
CHANCE results are within these bounds. The worst case assumes the 
lowest possible production from each plant, the worst stream flows on 
record, and the longest imaginable delays on future thermal plants. 
The opposite is assumed for the best case. Table XI shows the results. 
Comparing Table XI to Table X (the actual PP&L STDlOYR CHANCE 
output), one sees that the CH~~CE-produced mean and standard deviation 
for energy margin are well within the bounds. This is a partial val-
idation of the probabilistic aspects of CHANCE. Another test was the 
use of two completely different models for the energy capability of 
future plants, as described in Chapter IV. 
PRELIMINARY SENSITIVITY STUDIES 
As part of the validation, and to help orient future activities, 
the sensitivity of the PP&L STDIOYR CHANCE model to various input 
paramete,s was determined. The following subsections briefly describe 
each sensitivity study. The last subsection summarizes the results 
of the sensitivity studies. 
Sensitivity to Future Plant Arrival Assumptions 
Before the results of the Delphi survey for future plant arrival 
dates were known, the STDIOYR model assumed that all nuclear plants 
could be up to two years late and had a 20% chance of not being built. 
Just recently, the survey results became available. Small changes in 
the assumptions for four of the five nuclear plants essentially balance 
out, but the assumptions for the fifth plant, Pebble Springs, changed 
substantially. The resulting changes in YSSI are shown in Table XII. 
TABLE XI 
ENERGY NARGIN LUHTS FOR PP&L (IN AVERAGE Ml.J) 
76-77 77-78 78-79 79-80 80-81 81-82 82-83 83-84 84-85 85-86 86-87 
Minimum Values 
Thermal Energy 1278 1523 1615 1684 1920 1913 1932 1932 1932 1932 1932 
Hydro Energy 732 711 660 603 590 582 573 563 560 559 558 
Net Contracts 10 -31 -55 -26 39 30 32 119 118 118 115 
Total Resources 2020 2203 2220 2261 2549 2525 2537 2614 2610 2609 2605 
Load (subtracted) 2156 2300 2455 2600 2753 2916 3089 3273 3468 3675 3896 
Energy Margin -136 -97 -235 -339 -204 -391 -552 -659 -858 -1066 -1291 
Maximum Values 
Thermal Energy 1791 2124 2449 2516 2643 2640 2736 2984 3120 3906 4061 
Hydro Energy 1236 1206 1129 1039 1022 1009 999 982 978 977 976 
Net Contracts 10 -31 -55 -26 39 30 32 119 118 118 115 
Total Resources 3037 3299 3523 3529 3704 3679 3767 4085 4216 5001 5152 
Load (subtracted) 2156 2300 2455 2600 2753 2916 3089 3273 -3468 3675 3896 
t-' 
W 
Energy Margin 881 999 1068 929 951 763 678 812 748 1326 1256 0 
TABLE XII 
SENSITIVITY OF CHANCE TO ALTERNATIVE INPUT ASSu}WTIONS 
(MEASURED IN TERHS OF YSSI) 
Year 
76- 77- 78- 79- 80- 81- 82- 83- 84- 85- 86-
As13ump t ion 77 78 79 80 81 82 83 84 85 86 87 
STDlOYR base model 0 3 2 4 2 24 119 161 307 139 68 assumptions. 
Plant due in late '85 slipped 
to early '87. Plant accounts 0 3 2 4 2 24 119 161 316 194 109 
for about 7% of EC in '87. 
5% increase in coal EC factor. 0 0 0 0 0 3 40 64 211 65 26 70% of EC is from coal plants. 
Mean load growth rate reduced 0 2 1 2 0 7 48 59 131 50 20 from 6% to 5% (no variation). 
Mean load growth rate of 5%, 
but the 90% confidence limits 0 2 1 3 2 20 103 103 161 90 54 
are 6.5% and 3.5%. 
Fall time period analyzed 1 1 1 24 3 22 91 169 344 141 173 instead of fiscal year. 
TClbulated hydro PDF used 0 2 2 5 2 25 122 161 304 140 68 instead of the Normal PDF. 
I-' 
w 
I-' 
132 
As might be expected, the YSSI for planning years 85-86 and 86-87 
increased substantially. PP&L's share of Pebble Springs #1 amounts to 
about 7% of its total E( in 1986. Even though this percentage is small. 
the effect of changing the expected arrival date is considerable. 
Sensitivity to Assumed Thermal Plant EC Factors 
The thermal EC factors have been the subject of much study at 
PP&L, and there is considerable difference of opinion as to which num-
bers should be used, particularly for medium-sized coal plants. A 
study was carried out to determine the impact of increasing the EC 
factor for PP&L's coal plants. PP&L's coal plants constitute approx-
imately 70% of its total EC over the next ten years. The coal plant 
EC factor was increased 5%. The effects on the YSSI for each ye8r are 
shown in Table XII. As one might expect, the YSSI's are substantially 
lower. 
Sensitivity to Load Growth Assumptions 
As shown in Chapter VI, it is difficult to substantiate any par-
ticular load growth assumption. Thus, the sensitivity to alternative 
load growth assumptions was determined. First, a fixed load forecast 
of 5% exponential (instead of rou~h1y 6% exponential) was tried. The 
resulting YSSI's are given in Table XII. The substantial decrease in 
future YSSI values indicates high sensitivity. Second. a variable load 
forecast was introduced. The upper limit was 6.5% exponential growth 
and the lower limit was 3.5% exponential growth, with 90% confidence 
that loads will be between these limits. Even though the expected 
load growth rate is still 5%, the YSSI's increase significantly (see 
Table XII). Apparently, CHANCE is also quite sensitive to the range 
of possible load growth rates. 
Sensitivity to Alternative Time Periods 
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As discussed in Chapter IV, it is difficult to conclusively 
demonstrate that the fiscal year is the best time period on which to 
base CHANCE models. Perhaps some other time period might yield results 
that better aid decision-making. One candidate is the time period from 
September to December. During this time period, high energy loads are 
experienced, yet the ability to "borrow" future hydro energy is limited 
because snowpack forecasts are not yet available. 
A CHANCE model based on the September to Dece~ber time period was 
developed. This model, called FALLIOYR, uses EC factor data for a 
four-month rather than annual time period. FALLIOYR load assumptions 
and maintenance on existing plants were also modified to correspond to 
the fall time period. Finally, the mean and standard deviation for the 
hydro EC and the mean hydro EC withdrawals were modified to correspond 
to the fall time period, as determined by the RIVERS computer program. 
RIVERS was discussed in Chapter IV. 
The YSSI's using the fall time period change significantly in 
some years (see Table XII), though not qualitatively. It may be useful 
to use FALLlOYR and STDIOYR in parallel before making any final 
recommendations. 
Sensitivity to Alternative Hydro Models 
Since the variance in hydro EC completely dominates all other 
sources of variance until about eight years in the future (as noted 
l~ 
in Chapter VI), the assumption of Normality may bias the results. To 
test this possibility, a computer program which generates a tabulated 
hydro PDF for PP&L was written. This tabulated PDF is essentially the 
histogram from which the Normal PDF parameters were determined. The 
results of substituting the tabulated PDF are shown in Table XII. As 
one can see, the changes are negligible. Apparently, the use of a 
Normal PDF for hydro EC is appropriate (especially since it simplifies 
the computations and saves computer time). 
Sensitivity Analysis Summary 
As Table XII shows, there is no need to do additional research 
on hydro models--the time would be better spent on load research or 
thermal EC factor research. Rather than trying to decide which time 
period is more meaningful, it would be easier to use both time periods 
together. One could first filter the alternatives to determine which 
are energy adequate over a fiscal-year time period, and then filter 
again using the fall time period. 
Since the results of the sensitivity s~udies seem intuitively 
reasonable, they serve as additional validation of the model. 
COMPARISON TO BENCHMARK 
Regardless of a model's validity or appropriateness, the true 
test of a model's success is whether or not the model is used and has 
an impact upon decision-making. The use and impact of a model can 
often be hard to verify. Unless the state of affairs prior to the 
availability of the mode] is documented, a reference point for com-
parison may be hard to establish. This reference point is referred to 
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as a benchmark, in this case an "energy adequacy benchmark." How did 
the decision-makers estimate PP&L's energy adequacy before the CHANCE 
rllodel was available? The next subsection, writ ten by the author in 
March, 1976, is a summary of the process used at PP&L to establish its 
energy adequacy before CHANCE was available. This summary was reviewed 
and found accurate by the PP&L Power Resource Planning staff. 
PP&L Energy Adequacy Benchmark, March 5, 1976 
The manager of Power Resources Planning at PP&L was asked the 
following questions about PP&L's energy adequacy. With what assurance 
will the company be able to meet future loads? On what basis does the 
company decide that new resources are needed? 
He indicated that PP&L continually studies alternative schedules 
for new resources to determine if the energy system resulting from such 
schedules will be capable of satisfying anticipated future loads. 
Furthermore, alternative assumptions about the energy capability of 
future power plants, future loads, schedule slippages, etc., are 
studied. Based on these studies, one of the alternative schedules is 
identified as the "base" schedule, which is reviewed and updated as 
new information becomes available. Though this schedule of resources 
may not be fully capable of meeting anticipated future loads, it repre-
sents what PP&L planners and corporate officers judge to be the most 
reasonable schedule, considering its financial aspects~ public and 
governmental attitudes, current trends, and the uncertainty of future 
developments. When the base schedule results in an imbalance between 
loads and resources, alternatives are evaluated to see if their inclusion 
in the base schedule would bring the loads and resources into balance. 
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The process used to analyze each specific schedule, set of 
assumed plant factors, and assumed loads is guided by human judgment. 
However, several key steps can be identified. The following discussion 
of these steps is based upon, as an example, PP&L's present base 
schedule. 
Step One. Run PP&L's Load and Resource computer program using 
the schedule being studied. Inspect the resulting monthly surpluses 
and deficiencies based on low stream flow (see Table XIII). Look for 
years which have larger than 50 MW deficiencies for several consecutiv2 
months during the most critical period (September through January, 
indicated by the dashed lines on Table XIII). A single deficient month 
following or preceding several surplus months is not seen as a sign 
of real danger if it results from projected thermal plant maintenance 
scheduling. Thus, the fiscal years 1982 through 1985 are seen as years 
during which PP&L's energy resources appear to be somewhat inadequate 
(marked by a box in the center of Table XIII). 
Step Two. For those years during which PP&L's resources appear 
to be inadequate based on the particular schedule, check the Northwest 
area's surpluses and deficiencies based on low stream flow (marked by a 
solid box on Table XIV). It can be seen that, in the event of low 
stream flow, the Northwest as a whole has inadequate energy resources 
during the fiscal years 1982 through 1985. However, the inadequacy 
is less severe in fiscal years 1984 and 1985. 
Step Three. Check the probability that the Northwest will be 
able to meet its firm energy load in fiscal years 1982-85, based on 
consideration of the full range of possible water conditions and 
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TABLE XIV 
WEST CROUP FORECAST - ESTH:.\TED LOADS AND RESOURCES 
JULY 1976 - JU~F. 1987 Sheet 1 of 2 
FIgures are megayatts. 
I. Total Area Peak Load (January) 
2. 
3. 
4. 
5. 
Total Peak Resources 1/ 
Reserve Requirements -
Peak Resources 
Peak Surplus (Over Total Load) 
6. Total July-June Energy Load 
7. 
8. 
9. 
10. 
II. 
12. 
Total Energy Resources 1/ 
Reserve ReqUIrements -
Energy Resources 
Energy S~rplus (Over Total Load) 
Are8 InterruptIble Load 
(Included in Linea 1 and 6) 
FOSSIl-Thermal & MIscellaneous Resources 
(Not Included Above) 1/ 
- Peak 
- F.nergy 
- Peak 
- Energy 
PrcbabI1Ity of Meeting Total Energy Load in hll Periods of: 
11. Year Shown - ~ 
II,. Years, 1976 Through Year Shown - ~ 
Probability of Meeting Firm Energy Load in All Periods of: 
15. Year Shown - 1. 
16. Years, 1976 Through Year Shown - 1. 
1976-77 1977-78 1978-79 1979-80 ~ 1981-82 ~ ~ 1984-85 ~ .l..2M:!I 
23,136 
27,056 
(2,776) 
24,280 
1,144 
14,953 
14,666 
(334) 
14,332 
(621 ) 
1,054 
1,019 
519 
3/ 
- 97.0 
97.0 
31 
- 100.0 
100.0 
24,626 
28,535 
(3,201) 
25,334 
708 
15,883 
14,938 
(346) 
14,592 
(1,291) 
1,085 
1,047 
554 
87.2 
84.2 
91.4 
91.4 
26,108 
31,788 
(3,655) 
28,133 
2,025 
16,902 
15,105 
(356) 
14,749 
(2,153) 
1,162 
1,146 
592 
80.2 
69.4 
87.6 
81.2 
27,476 
34,105 
(1,,121) 
29,984 
2,508 
17,722 
15,859 
(369) 
15,490 
(2,232) 
1,213 
1,181 
598 
82.2 
59.0 
89.8 
74.6 
28,917 30,245 
36,314 
(5,142) 
31,172 
31,658 33,081 34,608 36,200 37,896 
35,150 
(4,627) 
30,523 
1,606 
18,623 
16,657 
(387) 
16,nO 
(2,353) 
1,257 
1,221, 
592 
77 .0 
45.8 
927 
19,418 
37,694 
(5,698) 
31,9!16 
338 
20,265 
41,620 
(6,285) 
35,335 
2,254 
21,134 
41,769 
(6,922) 
34,847 
239 
22,027 
44,146 
(7,240) 
36,906 
706 
22,959 
17,360 18,140 20,449 21,502 22,928 
(361) (397) (404) (416) (436) 
16,999 17,743 20,045 21,086 22,492 
1(2,419) (2,522) (l,089) (941) I (467) 
1,219 
1,184 
592 
76.6 
36.8 
1,170 
1,131 
592 
79.1. 
31.0 
1,li9 
1,142 
S92 
82.4 
27.2 
1,189 
1,151 
592 
90.2 
24.6 
1,198 
1,161 
584 
91.4 
23.0 
88.4 .-S5."6---S9."2---"9i:"2---"94-:4"--, 97.6 
67.2 --58:0---54.0---"49."2---"47:2'-- 46.6 
45,561 
(7,579) 
37,982 
fi6 
23,943 
23,958 
(462) 
23,496 
(447) 
1,209 
1,172 
584 
58.2 
21.2 
95.8 
44.6 
!/ ResourCes include hyuro; SInal! fossil-fuel plants; l!anford-NPR thr"u~1: October 1977; Ccc.tr ... Uil; Trujan; Wc~t Croup portion of Jim Bl'id;:cr units; 
Cobtrtp #1 and 112 (5(i~), 113 and ill, (70";;.); WPPSS Nuclear ~1, lI2, il3, li4, 115; BoaromJn Coal; Skagit III and il2; Pebble S?r1ngs iFl; and net cont.-actual 
imports/exports with utilities outside the area. Hanford is not includcJ <.os a p""k r"source. Estimated amounts for schedule:! maint,nance (energy 
only), hydro re~lizatlon factor (peak ~nly) and incremental losses have been deducted. AI! existing th~~al units and future lhe~al units under 
500 me~8"atts (peak and energy) are incl~tll'd 1n amounts as submitted by resp"ctive project owners. The c"~rgy availilbllity of all future tht?r.nal 
uni.s SOO meg."atts ar larger has been incluced as 60% the first full yeat anG 757. thereafter. 
J.I The energy treg~watts tabuldted In line 12 rellect the amounts of energy av ... ilable frOta existing :0"6il and gas turbine ins.allations which rnay be 
consleered available as reserve energy resources. These amounts ore 1n addition to those included as f1~r. energy resaurcea in lin~ 7. 
11 Based an 'awe laid and rescurce data as other tabulations herein, except ths~ there 1s no con$ideracion of energy reserve ~eGu1rerr.ents or realization 
factor. 
I-' 
W 
OJ 
possible plant arrival times (marked by a dashed box in Table XIV). 
These probabilities are used as relative indicators, and not as 
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measures of service level or other decision criteria. The dashed box in 
Table XIV shows that the Northwest as a whole is significantly better 
off in fiscal year 1983 than in fiscal year 1982. 
Step Four. Form a final conclusion regarding the schedule being 
studied. In the base example, it appears that PP&L would have adequate 
resources through fiscal year 1981, marginal resources in fiscal year 
1982, inadequate resources in fiscal years 1983 and 1984, marginal 
resources in fiscal year 1985, and adequate resources for fiscal years 
1986-90. As a whole, the present PP&L base resource schedule is not 
fully energy~adequate. Alternative schedules and assumptions are being 
studied to see if there is a feasible plan which will resolve this 
situation. 
Energy Adequacy Analysis After CHANCE Became Available 
After the CRANCE model became available to PP&L, the process 
described in the benchmark changed somewhat. Now, whenever an alter-
native is suggested, it is entered into the CHANCE model. If the 
computed energy adequacy is not satisfactory to the decision-maker, the 
alternative may be re-formulated or dropped. If the alternative proves 
desirable according to the CHANCE model, the alternative is further 
analyzed as explained in the previous subsection. 
Since the CHANCE model became available, the Manager of Power 
Resources Planning at PP&L has experimented with alternative thermal 
EC factors, alternative thermal maintenance assumptions, and a~.ternative 
load forecasts. His conclusi0n is that planning year 84-85 is 
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substantially less energy adequate than other years. This conclusion 
was not formed just by considering the base model results. The exper-
imentation with alternative assumptions played an important role by 
allowing the manager to determine if apparent inadequacies might be 
the result of imprecision in input assumptions. 
The process described in the benchmark description also indicated 
that planning year 84-85 was the least adequate. The difference is 
that the sensitivity to changes in assumptions was unknown at the time 
of the benchmark. The basic agreement of the benchmark and the CHANCE 
model, when given similar assumptions, lends credibility to both models 
as useful tools for the decision-maker. 
Perhaps the most significant effect that CHANCE has had thus far 
at PP&L is that the wisdom of building a new plant to improve energy 
adequacy beginning in 1983 is being questioned. Alternative means, 
such as contracts, are being considered. Of course, no decision of this 
type should ever be made on the basis of CHANCE results alone--all of 
the models available to PP&L and the Northwest region (and a great deal 
of wisdom and judgment) must be utilized. 
CHAPTER VIII 
POSSIBLE FOLLOW-ON RESEARCH 
COORDINATION 
CHANCE does not in any way accotmt for the fact that the Northwest 
utilities operate in a coordinated fashion (informally and by contract). 
Research needs to be done to answer two basic questions: 
(1) For individual supply systems, will coordination provide 
Significant long-term net energy resources, will it cause 
significant long-term energy loads, or will the effects 
on energy always balance? 
(2) Will coordination eventually provide significant long-run 
(year-to-year) energy resource shaping for individual 
supply systems? 
The IMPACT model (Wilson 1976) might be able to help answer these 
questions. 
TWINNED UNITS 
More research is needed to determine the best way to account for 
twinned units--units built on the same site and designed to follow each 
other by a specified increment of time. Presently, CHANCE treats them 
as independent. It is not known whether the errors introduced by this 
assumption are significant or not. One might proceed by designing two 
simple Monte Carlo simulation models--one which treats two twinned units 
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as independent and a second which doesn't. It might also be useful to 
collect data on the actual increment of time between twinned units 
versus the scheduled time. 
COMPUTER PROGRAM EFFICIENCY 
With a relatively small investment of time, it may be possible 
to streamline the computational aspects of the computer program and 
significantly increase its efficiency and reduce the terminal wait time 
from five minutes to two minutes. Another approach would be to modify 
the computer program so that the user could, as an alternative, have 
the computations done in batch mode and only enter the alternatives 
via the terminal. This would be relatively easy to program, but may 
not be very useful because the user would not receive any feedback as 
he is entering alternatives--a key feature of the present program. 
ADDITIONAL SENSITIVITY ANALYSIS 
The preliminary sensitivity analysis presented in Chapter VII is 
only a start. It would be useful to systematically explore the sen-
sitivity of the model to each par~meter and assumption. Such a study 
would help to clearly define the areas of further research that would 
most directly improve the utility of CHANCE. 
COMPARE TO THE ENERGY RESERVE PLANNING MODEL 
The Energy Reserve Planning Model (see Chapter II) is a probabi-
listic energy adequacy model for the entire Northwest. It would be 
useful to apply CHANCE and the Energy Reserve Planning Model to the 
same set of input assumptions. Sucha study would probably lead to 
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improvements in both models, but it would take a lot of work to rectify 
the differences discovered. Since the Energy Reserve Planning Model is 
cumbersome to experiment with, the best approach would be to build a 
CHANCE model of the whole Northwest. Such an effort would be useful 
whether or not the results are compared to the Energy Reserve Planning 
Model. 
OUTPUT INDICATORS 
As mentioned in Chapter IV, no studies have been carried out to 
determine the most appropriate indicators of energy adequacy. YSSI and 
OSSI are first estimates only and should be improved with experience. 
One possibility that comes to mind would be to generate descriptions of 
alternative energy scenarios (e.g., high probability of minor shortages, 
low probability of major shortages, etc.) and have decision-makers rank 
order them. The importance of various measures of adequacy could then 
be ascertained. This would essent~tily be a Policy Capturing exercise 
(Hammond et al 1975). 
CHAPTER IX 
CONCLUSION 
The peed for new methods for electrical energy planning in the 
Northwest was established at the outset. A new conceptual model. 
CHANCE, was developed and described in detail. A flexible, us~r­
interactive computer program based on the conceptual model was written 
and thoroughly documented. The model and computer program were then 
applied to a specific energy supply system, that of Pacific Power and 
Light Company. 
The results of the application were then evaluated, including 
an analysis of the sensitivity of the output to various input param-
eters. The evaluation of CHANCE clearly showed that the underlying 
model is reasonable and that the computer program is appropriately 
designed and implemented. Consequently, CHANCE is being incorporated 
into the power resource planning process at Pacific Power and Light 
Company. 
Directions for further research have been given in hopes that the 
CHANCE model will not be treated as if it were "finished." The well-
accepted adage that "no model is ever done" is especially true of 
CHANCE, which was designed from the beginning as a preliminary model. 
It must be further tested, mOdified, and improved with time. Neverthe-
less, it provides useful results that were not previously available. 
The assumptions upon which CHANCE is based have been clearly 
explained, for several reasons: (1) to facilitate the review and 
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evaluation of CHANCE by persons having expertise in energy resource 
planning, probability theory, and modeling, (2) to make future improve-
ment as easy as possible, and (3) to help keep the results of the 
CHANCE model from being misunderstood and misused. 
Although CHANCE can show the need for resources or the existence 
of surpluses. it cannot determine the best way to alleviate the dis-
crepancy. Consequently, the CHANCE model is intended to be used in 
conjunction with, and as a supplement to, other electrical energy 
planning models. Perhaps future research will allow several of these 
models to be explicitly linked together. 
The question of whether or not an aggregate probability approach 
to electrical energy adequacy analysis (as opposed to Monte Carlo 
simulation) can result in useful insights has been answered in the 
affirmative. Although CHANCE should not be relied upon as a final 
deciSion-making tool, it does serve to screen out nonviable resource 
plans before comprehensive analysis is performed. 
To summarize, the CHANCE model and computer program represent a 
significant contribution to the theory and practice of electrical 
energy planning. 
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PACIFIC POWER & lIGHl COMPANY 
ENERGY ADEQUACY HOJEL-
WloHEST BAS 1 C S T;,f')y 04/29177 
- EEEEEF. 
E 
E 
E 
EEEE 
E 
E 
E 
EEEEEE 
xxxxx 
xxxxxxxx 
xxxxxxxxxxxxxxxx 
} 
~ 
t""' 
t%l 
g; 
en 
H 
('") 
~ 
'"d 
o 
~ 
~ 
'"d 
t%l 
Z 
t:1 
H 
>: 
> 
PtCIFIC pr~Eo & Ll~HT CJ~?A~Y ENFRGY AC~~!ArY MODEL ,"wTES T O~/29f" •• 
.TEST ~CGEL. H'~ T~~ EX!STl~~ T~E~~AL PLANTS, IhG PLAN~EC THERMAL P~ANTS, VARIAaLE LOADS, AND 800MW OF hYDRO 
__ .. _ ..XEAPS ANALYZED: 77 1:1 85 TIME PERIOD A~ALYIED: JULY TO JU~[ 
~A!lE Sllf 
·OlOC04L 3':10 
OlDNUC 1.01]0 
~A~t 
~EWC(jAl 
NEIINUC 
SHE 
5!JG 
~(IJO 
eel~ 
100.0 
~f].1J 
e2l,!; 
SQ.:: 
25.1] 
,.".,,';~;U'1 J C""'~-
::t~GY ~~~-
[:IL I T (./C: 
MA I r ... T NA,.C.c. 
I1£At> SID:]£'> 
.90 .04 
.70 .QI'o 
ASSU'~FU EN-
~RGY CAPA-
81L1TY l-In!:! 
,q Ifo;Ht'<At'«E 
f::EA:. 
.75 
.6E 
:;I[,Q~'i 
.05 
.10 
SYSIL~_Q[SCBleIlC~_b~Q_ASSUMellOtlS 
fllSTING TH~~MAL ALSGURtES 
ASSUM[D t OF WEfK5 OF MAINTfNANCE TO BE DONE BETWEEN JULY 
O~ THi: INDICAIEJ YEAR ANO IHE FULLOWING JUNF 
11 Z8 Z~ 80 81 :12 !3 ~!I as 
3 6 C! 3 3 6 2 3 1 
8 b 8 B B B Il 6 B 
FUTURE T~ERMAL RESOURCES 
AQRIVAL INFORMATION 
MOST LIKELY EAPLIEST LATFST : CIUNCE THAT IT wON'T 
_DAlE _DALE _(iAlE liL8UllLALALl 
l1-BC 7-80 7-81 0 
12-83 7-83 i.-I!S 20 
]. OF 2 llii & GR 
...... 
~ 
-0 
OACIFIC o:: .... f o L IS:;, ('J'~t'''':~Y ft,F'<:-'V t.DE·;U.'CY HOuEL W~TES T 0~/29/77 2 OF 2 ,;'" z. GR 
HY[lR0 RESOlif{CE.> tTOT:.Ll 
HVOR:J ENE'';y :'VAILAiLc DlIRI:~G FUTU'H, TIME PfPIOOS IS ASSUMED TO BE "JOR/o'ALLY I)!STRIBIJTED. 
MEAN ENERGY AVAILABLE IS ~CD AVERAGE HW IN 11:16. ST'\~OA~D DEVIATION IS a150 TI~ES THE HEAN. 
I~C~E~E~iAL CHAN~ES IN HYDRO AVAILABILITY (AVE MWJ (- FO~ WITHDRAWAL, + FOR AODITIGN I 
HYJ 
'2.5:::!,] 
- ~1 
]'l~E.C 
_r:j !!.c::111 -?~ 
!::':/!': 
?53 
82::53 
-:;0 
.53::/!.!l 
-='Q 
i fIXED CONTRACTS (NET 'AVE Mwl 
COHT ----- 22::26 (j 
11=26 
LOAD ),000 
IB::lj 
~[l 
1'J::.50 
~u 
~G=dj. 
110 
81::8': 
-10 
82=113 
-60 
LOADS (AVE MWI 
THE UPPER j5~ CuNrll)E~CE LIMIT IS: 
Z8=]"l ]9=8D !l1l=81 IH::82 8.2=8.3 
1J7' 1150 12311 1123 1~19 
THESE LOAOS ri=PRFSENT A _1% EXPCNENTIAL uROWTH RATE. 
LCAO-
'1A~ 
lilrL 
"I~ 
IOU 
"ED 
NC,T 
"EA); 
s.:>. 
Sr'S" T 
A~c: 
Sl!f 
A'>Y 
>;'1: 
>~J: 
>~jr ,,~ 
)C':][It-.-
THE LGWER ~.5~ CONFIDENCE LIMIT ,~. 
11=Z~ 28=15 1~=5Ll IlD::8J. 8J.=52 52:8:! ),uJO 1'14") 1,LJp.1J 11?0 tL60 1200 
THESE LeADS ~E?ri~S~NT A _~% LINEAR GRUwTH RATE. 
e_E_S_U_L_l_l_~_~ ___ L_~_E_~_~_Y ___ ~_~_B_G_l_~_ (AVERAGE Mw) 
+ Fu~ SUij~LUS , - FOR DEFICIENCY 
l1=Zil 18::15 2"l::BD liD=!J. 1l1=B2 e~=83 
-I.H -181 -e?3 -;>1:8 -124 -2[,5 
+bI.!\ + 5)9 +~3J. +450 +750 +589 
+263 + 173 +J.l.3 +j.25 +32~ +1L2 
+263 ·173 +113 +1.25 +32~ + 1~2 
+2~3 +j.73 ":'13 +\25 +324 +lbe 
124 :'17 ....11 114 14S 149 
C_tl_A_~_~_t_S ___ O_E ___ S_tl_Q_B_I_A_~_E_ ( % 
21::1e 1Q::Z~ 1j::IiU liD::AJ. 51:8.2 a2=~3 
2 7 }.6 14 1 l.~ 
IJ 3 7 l- Q 6 
(; 1 2 2 
" 
2 
D :!. 3 3 a ~ 
a 0 a 0 0 • 
83=8!1, 
'I 
83::1l!! 
1522 
/!.3=B!i 
J.240 
83=/!.!I 
-301 
+700 
+~18 
+2.6 
+218 
165 
83::Il!l 
.r. 
4 
1 
3 
a 
A.!l::115 
-1'1 
1I.!l=85 
o 
II !!= Il.s 
1.632 
B!I=B5 
1280 
1l.5::11b 
-lor) 
1l.5:llb _ , 
-50 
1l5=1l6 
1751 
a's:1l6 
.. 320 
(BASEl) O~ MEDIUM ACCURACY CALCULATI~NS) 
1l.!l::IlS il 5: Ill> 
-334 -499 
+7C. +584 
+239 +67 
+21~ +74 
+205 +64 
178 186 
(BASED ON MEDIUM ACCURACY CALCULATIO~SI 
A.!l:55 1l5=/!.i;, 
13 36 
6 22 
:3 12 
5 .9 
1 6 
..... 
l.n 
0 
CCCC H H 
C C k H 
C H H 
C H H 
C HHHHHH 
C H 
C H 
C C H 
CCCC H 
xxx 
xxxxx 
xxxxxxxx 
xxxxxxxxxxxxxxxx 
H 
H 
H 
H 
x 
x 
XX 
x 
x 
x 
x 
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A 
A 
A 
A 
xxx 
XX XX 
X X 
NN 
A NN 
t. N N 
A N N 
t. N 
AAAAAA N 
A A N 
A A N 
A A N 
x 
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N 
N 
N N 
N N 
NN 
NN 
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x 
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C 
C 
C 
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x 
CCCC EEEEEE 
C f 
E 
E 
EEEE 
E 
E 
C E 
CCCC EEEEEE 
XX \ 
XXX I 
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ENERGY ADEQUACY MODEL 
~~~ COMPARISON STUDY 
USING BASE MODEL ~f~ 
05/03177 
Ul 
~ 
L" 
t%1 
(") 
0 ~ i;:j 
'"d 
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Co') H 
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Gl 
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PACIFIC POWER £ LIG~T COMPANY E~ERGY ADEOUACY MODEL lOADSTOV 
YEA~S ~~ALVZED: 77 TJ 85 TIME PERIO~ ANALYZED: JULY TO JU~E AC(URACY USED: MEDIUM 
eASE~ O~: .~·ODEL Utlzn 
SAME IS WWTE!:.T. EXCEPT THAT NEW NUC WILL ARRIVE EARLIER 
ALTE~NATIVE * 1 
LOhER LOAD FORECAST (~EiWlEN 2: ANJ 51) 
ALTERNATIVE H 2 
lOW~R LOADS. AND HIGHER PARTICIPATION IN NEWNUC 
OS/O~/?7 PAGE ~ IiW I: Gil. 
I-' 
\J1 
N 
UA!:lt 
OL!)COAL 
(:Lor.1j(# 
t1A.t:1.; 
:1, .CnAL 
r.E",-I:.UC 
PACIFIC POWER t LIGhT COMPANY 
S.lll. 
:ono 
],uGu 
~lll 
seQ 
],200 
e.£Ul 
],00.0 
loiC.O 
f.£U 
50.0 
25.0 
AS')IJMED fN-
E?,GY CAP~-
orUTY kiLQ 
MA rNTENANCE 
t1tAtl Sli!Q~ 
.70 .05 
.7Q .08 
ASSt.;Mt[\ EN-
ERf,Y CAf>A-
a I Ll TY lilll:i 
MAINTc.hA('h .. L 
M;;l1h 
.75 
.65 
SDlJfi 
.05 
.10 
ENERGY ADEQUACY MODEL LOADST[JY OS/O~177 
~~D£S~Bl£llQ~-AtlQ~SllMEl~ FOR BAS~ MODEL EX?TEST 
EXISTi~G THE~MAL ~ESOURCES 
ASSUMED ~ OF WEEKS OF MAINTENANCE TO BE DONE BETWEEN JULY 
OF THE INDICATED YEAR AND TH~ FOLLOWING JU~E 
n l.d :B E.ll II ~ fU ~ tll 
3 b 2 3 3 6 2 3 3 
8 8 II I! 8 8 8 8 8 
FUTURE THERMAL RESOURCES 
AR~IVAL INFORMATION 
MOST LIKELY EARLIeST LATEST ~ CHANCE THAT iT kON'T 
.J2All .JU,.I.E .J2Lli BE BUILT AT ALL 
],1-80 7-80 7-81 0 
7-8~ 7-52 6-84 0 
;>AGE c WH t GR 
...... 
V1 
v' 
HYD 
CCNT 
LO.D 
LOAD 
PACIFIC POWEK ~ LIGHT COMPANY ENERGY AOEQUACY HODEL LOAOSTDY 05/0~177 PAGE ~ ww r. GR 
.snHl:LDJ:..SrRl.flimLA~_A5~ELlil!,j'!; FO~ SASE MODEL EXPTE$T (CO~T1NUEOJ 
HYDRO RESOURCES (TOTAL) 
HYD~O E~ERGY 'VAIL'~LE DU~I~G FUTuRE TIME PERIODS IS ASSU~ED TO BE NO~MALLi DISTRISUTED. 
HEArl [NEi<GY AVAILAbLE IS .i.1i: AVERAGE M)'; IN 11=1li. STANDARD DEvIATION IS .&l..'ID. T IllES THE HEAN. 
INCREMENTAL CHANGES IN HYDRO AVAILABILITY (AVE MW) (- FOR WITHDRAWAL, • FOR A~DITION ) 
~ 
13.=75 
-25 
Xl=euJ 
-20 
a.fl=ll 
-~3 
.Il1::Ili! 
-10 
!li!:::..l3. a3:::L1.!i 
. 0 
FIXED CONTRACTS (NET AVE MW) 
21.::ll. 
o 
25::15 
:;0 
~D. 
60 
AL=A.1 
40 
A1::e2 
-10 
~ 
-6::1 
LOADS (AVE MW) 
11=2b 
J,ODU 
THE UPPER ~~ CONFIDENCE LIMIT IS: 
1":'=15 
107;' 
~au 
:'l:CJ 
8.::i=e...l 
12:34 
iU=",~ }.;,13 
THESE LOADS REPRF::;Et:T A -.1~ EXPONENTIAL GROWTH RATE. 
THl LuWER j.l:O CONF 10ENCE LIIHT IS: 
l1=1b. lk1:l lj:::L\£l aL:::LI.l b.!.::A.: ],000 1G40 1060 1120 ],160 
THESE LuADS REPRESeNT A ~~ LINEAR GROWTH RATE. 
~=a.3 
;'41'1 
lli!=a3 j,2DO 
~=l>.!! 
o 
l!.3.~ 
],522 
a.3=.&.!l 
124G 
!.!!=Il.5 
o 
a~ 
c 
~=lI:; 
1632 
~ 
li:!80 
~=f.b. 
o 
a.5.=ll.l. 
-50 
~~ ]'7!>]' 
d~e..b 
1320 
t-' 
V1 
.I:'-
PACIFIC POWER £ ~IGHT COMPANY ENE~GY A8EQUACY MOGEL LOAOSTDY 
Cill1EAlUS.!llLQUt:iAtJu.s-DE-D.lEE.fr.~Lli~ .. Ulllf:UlE~Q£UA!iLfQfi r: A C HAL T .EP..NI,IlYf. 
:Lr.l:!b~r.LJLt.--Sll>2!1r.;,GE.-Di: -A!.:Y....l1Millil1lIl..E 
~:..T 11=11. 1i!~=. -. ,. ... .L.:1=L..iJ. Ar:=c.1 bl=~ u~::-::.2 1l~E...'I a.!i=b.5. 
:J ~ 1: 1f "n ~u 38 7~ 27 44 
:. 'I 
" 
'i 7 12 37 3 b 
2 'I i! ~ 7 12 33 (j 1 
:LJ:!:IA~Q.E_SJjOllA{,£_r.3EAIElLI1!A~-DLl1Ut:> ... Ul~ 
ALI 11=11i .ll.:::l:J ll=E.r. ~1 c..1=f..:. .8.C.=..l-'! fLl::e.!i ,,4-·'';' 
~ ). 4 7 6 19 54 ~2 2!. 
:.. 1 3 3 2 ~ 2l' 1 2 
2 1 3 3 2 'I 18 0 C 
z...J:t!Aw:.L.OLSHQ.:.IAI<f. ..... G!U:l-llB...ItIAN J P'& OF MEAtLl...1A!l 
ALl 11=1.b. ".i..i:1=:.L3 l!l=Jhl 0!l=.51 ll..l.=a2 a2=1!.3 a~ ~::1i!i 
(j [j 1 2 3 7 33 'I 11 
1. II 1 1 0 1 8 0 0 
2 0 ;. 1 0 :;. 8 0 0 
~_'t!~'.E.....at~tlOBLAG£.....GBiAl£R.....~t:> l.PDI:II:I 
ALI "1.:l:=:lA ~ :a::illJ. ~ I!..ldI..2. a2=tU 113::ll.!l. a!i=.8£ 
0 0 2 3 4 11 42 8 19 
1. 0 1 J, 1 2 11 0 1 
2 0 :;. 1 1 2 10 C 0 
:LfJ:!Ati:..E.......Q......5J:ill3.IAli.L.J2 ~ AI E B THAt:;~ 
toLl 11=.1.8 .2Jl=:1j ~ Mci1 Q1=~ flC.::~ 8.3..=Il.!i .a!!=iU 
L 0 [j 0 [] 1 lS ], 5 
). L [] C C 0 2 0 0 
2 [j 0 0 0 G 2 0 0 
05/03117 
eJ,=.C.h 
77 
23 
5 
i.!:=iiA 
56 
11 
2 
ll!i=Ah 
38 
'I 
0 
I1£=81 
52 
7 
]. 
.a~ 
27 
]. 
0 
PAGE ~ ~w I; GR 
I-
Ln 
'..." 
P~CIFIC PO~E~ & LIGHT COMPANY ENERGY ADEQ~ACY MODEL LOADSTOY oS/O:i/n i'AGE 5 WW & GR 
cnMLABlSQtl-QE-A~EE~~LY~~_UbS~D_~_~ARJQUS-1~~i~IllRS 
OY.EE.ALL...£I:ill.!:l.I.lU&~B'EfUT V IN D C X 
III S C purn ':..P.lLf.UIi..Lf'.L ... 'J.... E,,-h Bu.S"'-___ ___:_-
NONE TH£- F: liST b YEARS. 
S~% TH~ NEXT S YEA~S. 
10[J:I; THo~EAFTER 
~LTE;(NA1IVE 
NONE 
5% 
COMPuUNDED 
o. SA~E AS WWTEST. EXCEPT THAT NEW ~uc WILL ARRIV~ EARLIER 
?l'1 3S 
{ 
1. LOwER LOAD fuRECAST (BETw~LN 2~ AND S%) 
9 9 
2. L0wEi\ LOADS. AND HIGH~R i'ARTICIP,TION IN NEW"UC 
6 6 
YUlll.L.51:l0llAliL5.f.Y E ({ 1 T'J I NO EX 
J.LT 11:::ll. lL=l~ L5=ill: Ml::U b.l=~ ~.a3. A3=Il!l 
J C"! 7 12 14 3C"! 94 23 
1. ? 5 6 4 a 32 2 
C 2 ~ 6 4 II 29 C 
Jr.'!: 
COMPOuNDED 
31 34 
1\ 9 
6 7 
A!i=~ 8..5=8 
47 ::.U 
4 1'; 
0 3 
...... 
.Jt 
0\ 
PACIFIC POWER [ LI~HT CGMPtNY ENCRGY AD~YUACY "0DEL LOAOSTOY C 5/03177 PAGE 6 
D.il.AIllJLf.tlf.BllY-Allf~{;::L..A!:lM.Y.S.l.L£iJ.£ bASE MODEL EXPHST 
5"I1E AS WWT!,,,T, EXCEPT THAT 1><i:W ~!LI( WILL ARRIVE EARLIER 
HI.? 
"ILL 
HPJ 
Ht-)! 
HfD 
H·.sr 
~I.:'~'I 
S.D. 
SHf)?T 
"'('E 
.s..I.;J; 
...... ;. 
>5'; 
>1~'( 
>1[!Z;U:\-i 
>2Cr,MW 
SHORT 
A( .. E 
s..u.;. 
P;Y 
>s~ 
>.1.[.1; 
>10[jMW 
>i'!r.OMW 
a~--s"_lL~-1-.l....tl_C ___ L;j_L::'_.ii-Y __ tLf,.3...._LlJi._ (" V E~ t,(- E Mr; S I (BASED ON MEDIUM A(C0RACY CALCULATIO~SI 
1J~ll 
- ... '1[: 
+ ~14 
+~L, ~ 
+1 1,,£ 
·1'15 
1U 
11.=211 
., 
. 
0 
G 
0 
21=liI 
I; 
j, 
0 
0 
G 
21.=211 
2 
> ~UR SU?PLUS , - FOR DEFICIENCY 
]':>=1~ 
-1~~ 
>·r,? 
-- , 
~.;.o': .. 
+ 1 jJ. 
"'l~:' 
108 
7;;-7° 
::'1 
4 
1 
2 
[j 
1.f.=-1j 
lS 
6 
2 
2 
0 
1.'l=-1~ 
7 
TI=3':: 5Cdl! ~1=.e..2 d~:-£t3 a::=E.!i E>!i=1l!: t;.5.=flo 
-2~4 -224 -2'12 -431> -~D:l -j~::' -564 
+4r.5 +38~ +341 +,~r> 3 + 448 ":;~L >::'(;5 
+~'1 +'1:0 +33 -76 +70 +cfl -1C'1 
+~C; +'1'1 +::3 -~'iI <7e. +2Q -1G'I 
.. c:.,q +~3 +33 -75 +711 .,.20 -HO 
107 108 1.07 120 1.2" 136 150 
LtLA-tLC E S O_L __ LtULlLLA-L-L I % I 
~aa. f.D.=hl 81.::.8.=. .8i:.=U d"-84 fC:::J..5. .:l..S.=ah 
16 cO 38 73 27 ~4 77 
7 il 1'1 54 12 -, < ~~ 58 
2 3 7 33 4 11 38 
3 4 ],:;. ~c: /) ],'1 52 
0 0 1 lS 1 5 i'!7 
CUMULATIVt CHANCE OF SHORTAvE (bETWEEN 22=2& AND THE INDICATED YEARI 
~ &l::tl tI.J.=ll2. dZ.=/U 8."-~4 
;[; 44 bS '11 93 
1;' 20 35 70 74 
4 7 14 42 44 
5 'I ],'i 53 57 
(1 0 2 17 18 
YEARLY SHORTAGE SEVERITY INDEX 
15=0:1 
12 
ll..U~1. 
14 
~.1=~ 
32 
a.2.::.23 
°.4 
d3..=IL'i 
23 
OVER~~L SHO~TAGE SEVERITY INDEX 
w.sCJlJJNJ Ape! If.IL.I!L£Ull.!&LXfAli!i 
NOt4E 
5:;; CC·~~()Ur-.DED 
-:,C? CC:~?Ot.:~JOED 
L'!=il.!> 
<" 
.0 
sa 
!>1 
65 
2~ 
8lJ-8~ 
47 
~.!Ib 
'1-, 
92 
70 
83 
~4 
~ 
118 
RESULT I"" Ir-.DEX YA~ 
39 
hOhE THE Fi~ST 6 YE~~S, 5J; T~E hEXT 5 YEARS. 10C~ THE~EAFTER 
35 
?1 
;;4 
WII I: G~ 
...... 
OJ) 
'-oJ 
PACIFIC PO~E~ ~ l!~HT COM?NY ENEMGY A8~0UACY ~ODEl LOAGSTDY 05/03177 PAGE 7 
.DllAillLLUl.EE.GLA~.!:IJ..:hl.:i~bl.'y5lLfQE AL TERNA TIVE t; 1 
LO~ER LOAD FO~~:A5T (BEIW~EN 2~ AND 51) 
M:':;' 
~l!L 
M l~~ 
r.AX 
MEO 
I'C,;, T 
M=A~" 
s.u. 
Srir)!;. T 
t.':.£. 
.H':/;. 
/4r,,( 
>5:( 
>lw~ 
>1.(.[;'1;'; 
>dC~~~w 
SHO~T 
AGE 
~ 
M;'( 
>S,Y. 
>lC~ 
>lCC'I1< 
>i?GCMW 
R-E~L.I...l_:L: __ ~2LLB.Ji....Y __ -lL1>-1L~_L:L (AV£:RAGt :-I~/S) (B.SED D~ MEDIUM ACCURACY CALCULATIONS) 
1l=.~ 
-~42 
+514 
CL9 ! 1~5 
+j,'l~ 
111 
11.=.1.a 
~ 
1. 
0 
0 
C 
.~ 
4 
1 
0 
0 
C 
1l=.1f. 
2 
.... Ffl;l. SURt-'LUS , 
- FOR ~f~ICIENCY 
ltl=l!i 
-175 
... 40::' 
"'1 SL~ 
·:'Sc' 
+1<~ 
lJ8 
la=l~ 
B 
3 
1 
1 
Ci 
1A::1j 
::-2 
4 
1 
1 
G 
1i.::1~ 
5 
l~::':'il .ill::.1J. lll::lli: ai:::.::l~ 113.::b!l lL'I=~ d.5.=1l1 
-llil -147 -195 -2~Cf -135 -162 -303 
+447 +471 +426 +373 +565 +556 +483 
+141 +1h4 +124 +39 .,.224 +10,7 +lCO 
+141 +164 +1C4 +]7 +C:-24 +~'i7 +lGD 
+141 +!64 +124 +L.: +224 +j.97 +100 
106 1G8 1(j5 114 119 125 1?3 
Ll:LA.....tJ.....L.LS_.....lLL S H 0 R~.J;_ ( Yo ) 
15::.6ll ~ lU::eu! Il2::a~ A3..::/l.!l Q.li::1l ;. f..!dl.b. 
9 7 12 ,,"/ ;! 6 23 
3 2 4 20 ), 2 11 
1 0 1 8 0 a 4 
1 1 2 11 0 1 7 
U 0 0 i! (J U ::. 
CUMULATIVE CHANCE OF SHORTAGE (bETWEEN 11.=.1.a AND THE INDICATED YEAR) 
~n a.cl.=.S1 Q1::flZ ~d3 a3::.C..':! 
c:i; ,,6 ,,5 5'\ 60 
b ::.e 1~ 3D 31 
2 :3 ~ !~ 12 
2 3 5 1" 1.6 
0 0 r; 2 2 
YEARLY SHORTAGE SEVERITY INDEX 
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APPENDIX C 
ANNOTATED SAMPLE TERMINAL SESSION 
PLEASE LOGIN \eam,test 
15:34 P.M. TUES MAY 3, 1977~ 
COMPUTER CENTER SERVING YOU. 
\load(CHANCE,www) 
GOOD AFTERNOON USER DE, PACIFIC POWER'S 
\xeq 
I----------------------------T I First, the user logs on to : 
CHANC e: CO~lPUTER PROGRAM 
I the computer, : 
1 ____ - _______________________ .! 
type a "?" to obtain more 
enter your name and phone 
\wakeland x469l 
mode?{c,f,m,n,d, or ?) 
info. when a auestion is asked 
t, so the reports can be sent to you 
\f 
base model name? 
\wwtest 
make desired chanaes in the model 
add resources?(y or n) 
\n 
submodel to be changed?(l,t,h,o,d, or ?) 
\t 
Which aspect? (q,e,m,a,d, or ?) 
\e 
change all plants or one at a time (a or 1) 
\1 
which plant? (d if done, ? to list plants) 
\oldcoal 
I----------------------------T ! He indicates that lJe wants : 
I to make permanent changes : 
I in the model "wwtest." : I ____________________________ ! 
,---------------------------, 
: The energy capability of I 
: "oldcoal" is changed (the : 
I stored values were not : 
: realistic) . : L ___________________________ ! 
enter: "mean plant factor, standard deviation" (both < 1) 
(BEFORE maint.) 
\.7,.05 
which plant? (d if done, ? to list plants) 
\d 
which aspect? (g,e,m,a,d, or ?) 
\a 
Which plant? (d if done, ? to list plants) 
\? 
your options are: 
newcoal 
newnuc 
which plant? (d if done, . to list plants) 
\newnuc 
r---------------------------, 
: He wants to change arrival.' 
: data for the nuclear plant, : 
I but is not sure how it's : 
: abbreviated--so he lists : 
I the names. I L ___ ~ _______________________ J 
Arrival data for newnuc • 
.. ) 
For each date, enter: "month,year"(eg. "7,80 
ear liest date? 
\8,83 
most likely date? 
\12,83 
latest date? 
\6,85 
r---------------------------, 
: New arrival data is entered: 
: for "newnuc," because the : 
I schedule has changed. I L ___________________________ J 
enter the % chance that newnuc will not be built at all 
arvdat(7,4) 
\10 
Which plant? (d if done, ? to list plants) 
\d 
which aspect? (g,e,m,a,d, or ?) 
\? 
161 
your options are: 
9 general info. 
e energy capability 
m maintenance 
(name, size, and % owned by company) 
{mean and standard deviation for plant 
(on existina plants) 
factor) 
a arrival data (for future resources) 
(no more thermal changes) d done 
? help 
which aspect? 
\d 
(types this message) 
(g,e,m,a,d, or ?) 
submodel to be changed?(l,t,h,o,d, or ?) 
\h 
change the type of hydro model?(y or n) 
\n 
enter the mean hydro (Ave. MW) 
hmean 
\760 
1-----------------------------, 
: User checks to make sure : 
: how to exi t from loop. : 1 ______ ------------------______ 1 
1-----------------------------, 
: Here, the user changes the : 
: hydro assumptions. The : 
: mean and standard deviation : 
L~!~_~!.~~!!~_~!!~~!~..:. __________ : 
enter the standard deviation as a fraction of 
hsd 
the mean 
\.14 
change withdrawals?{y or n) 
\y 
enter incremental changes in hydro resources (Ave. MW) 
s, + for additions) 
(- for withdrawal 
withdr (78) 
\-25 
withdr (79) 
\-20 
withdr(80) 
\-43 
withdr (81) 
\-10 
withdr (82) 
\-3 
withdr (83) 
\0 
withdr(84) 
\0 
withdr (85) 
\0 
submodel to be changed?(l,t,h,o,d, or ?) 
\d 
list input data in order to verify it? (y or n) 
\n 
are you ready to run?{y or n) 
\y 
pause after each year is computed?(y,n, or ?) 
\y 
year 77 - 78 
shortage probability= 0.0407 
want more info?(y or n) 
\n 
year 78 - 79 
shortage probability= 0.1131 
want more info?{y or n) 
\n 
year 79 - 80 
shortage probabilitYE 0.1795 
want more info?{y or n) 
\n 
year 80 - 81 
shortage probability= 0.1971 
want more info?(y or n) 
\y 
1------------------------------1 
: New withdrawals are entered : 
: here. : I _____________________________ J 
------------------------------, 
The user is done making : 
changes. He is sure tha t he : 
entered them correctly, so : 
he verifies the model w/o : 
listing it. He wants the : 
computer to pause after each: 
year so he can get more : 
info for some years. : 
~-----------------------______ I 
1------------------------------1 
: The computer prints the : 
: shortage probabil i ties as : 
: they are calculated, and : 
: then pauses. : L _____________________________ I 
1177 mean load is 
min margine 
median=-
prob. of 
prob. of 
prob. of 
prob. of 
-224 max margin- 388 marqin range= 612 
108 93 mode~ 94 mean= 93 stddev= 
plot?CY or 
\n 
5 % of mean load short- 0.0829 
10 % of mean load short- 0.0276 
100 mw short= 0.0381 
200 mw short= 0.0031 
n) 
year 81 - 82 
shortage probability= 0.3815 
want more info?CY or n) 
\n 
year 82 - 83 
shortage probability= 0.8104 
want more info?(y or n) 
\y 
mean load is 1310 
-----------------------------~ 1 1 \ Here, the user asks for more 1 
: detailed info because the : 
: shortage probability is \ 
: higher than expected. : I _____________________________ J 
min margin= -443 max marain= 212 marain ranae= 
median= -101 mode= -100 mean= -101 stddev= 
prob. of 5 % of mean load short- 0.6202 
655 
113 
prob. of 10 % of mean load short- 0.3948 
prob. of 100 mw short= 0.5017 . 
prob. of 200 mw short= 0.1924 
plot?CY or n) 
\n 
year 83 - 84 
shortage probability= 0.5583 
want more info?{y or n) 
\n 
year 84 - 85 
shortage probability= 0.5240 
want more info?{y or n) 
\n 
year 85 - 86 
shortaqe probability= 0.7868 
want more info?(y or n) 
\n 
save this run?(y or n) 
\y 
1-----------------------------, 
: Another request for detailed: 
: information. : 
I ______ -----------------------~ 
I-----------------------------~ 
\ Everything looks fine, so \ 
: the user saves the changes. : 
: The resulting report is : 
: similar to Appendix A. : 
I ______ -----------------------~ 
do you want an unformatted copy of the results right now?{y or n) 
\n 
how many copies of the report do you want? (0 to 10) 
'copy 
\1 
JOB EAMOot5l ENTERED SCHEDULE QUEUE AT 15:53:42 77.123 
you will be contacted when the report is done 
mode?(c,f,m,n,d, or ?) 
\m 
base model name? 
\wwtest 
make desired changes in the model 
add resources?{y or n) 
\n 
submodel to be changed?(l,t,h,o,d, or ?) 
\t 
which aspect? (g,e,m,a,d, or ?) 
\a 
which plant? Cd if done, ? to list plants) 
\newnuc 
1-----------------------------, 
: Next, the user wants to : 
: create a new model by : 
: changing "wwtest." The : 
\ "modify" option is used \ 
: to do this. : 
~----------------------------j 
Arrival data for newnuc. 
. ) 
For each date, enter: -month,year-Cea. -7,80 
162 
earliest date? 
\7,82 
most likely date? 
\7,83 
latest date? 
\6,84 
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r----------------------------, 
1 The arrival of "newnuc" is I 
I moved to an f'!arlier date. : 1 ______________ • _____________ .1 
enter the % chance that newnuc will not be built at all 
arvdat(7,4) 
\0 
which plant? (~ if done, ? to list plants) 
\d 
which aspect? (g,e,m,a,d, or ?) 
\d 
submodel to be changed?(l,t,h,o,d, or ?) 
\d 
list input data in order to verify it? (y Qr n) 
\11 
are you ready to run?(y or n) 
\y 
years 77 to 81 are not changed 
pause after each year is computed?(y,n, or ?) 
\y 
year 82 - 83 
shortage probability= 0.7352 
want more info?(y or n) 
\y 
mean load is 1310 
r----------------------------, I The user is done making : 
I changes. : I ____________________________ J 
r----------------------------, I Some years are not affected : 
I by the changes. I L ____________________________ .1 
Dlin marain= 
median; 
probe of 
probe of 
probe of 
probe of 
-438 max marain= 283 marqin ranoe= 721 
120 -76 mode= -78 mean= -75 stddev= 
plot?(yor 
\n 
5 % of mean load short- 0.5356 
10 % of mean load short- 0.3256 
100 mw short= 0.4226 
200 mw short= 0.1506 
n) 
year 83 - 84 
shortage probability= 0.2697 
want more info?(y or n) 
\n 
year 84 - 85 
shortage probability= 0.4425 
want more info?(y or n) 
\n 
year 8~ - 86 
shortage probability= 0.7656 
want more info?(y or n) 
\n 
save this run?(y or n) 
\y 
,----------------------------, I The years which are affected I 
I by rescheduling "newnuc" are: 
: recomputed. A detail on : 
I 82-83 is requested for : 
I comparison wi th the previous: 
I run. : ~___________________________ J 
r----------------------------, 
: The run looks good, so the : 
I user saves it. A new header: 
I is entered because the model: 
: is being stored under a new I 
I name. A report similar to : 
: Appendix A is produced. : L ____________________________ J 
what is the name of this new model?(up to 8 char.) 
\exptest 
enter a new header for this modified model?(y or n) 
\y 
enter new header 
\same as wwtest, except that new nuc will arrive earlier 
do you want an unformatted copy of the resl1lts right now?(y or n) \n . 
how many copies of the report do ~~U want? (0 to 10) 
'copy 
\1 
JOB EAMOO*52 ENTERED SCHEDULE QUEUE AT 15:59:56 77.123 
you will be contacted when the report is done 
mode?(c,f,re,n,d, or ?) 
\c 
base model name? 
\exptest 
name of study(up to 8 char.) 
\loadstdy 
base model run placed on study file loadstdy 
make desired changes in the model 
add resources?(y or n) 
\n 
submodel to be changed?(l,t,h,o,d, or ?) 
\1 
use fixed or variable loads?(f or v) 
\v 
type of model for high load forecast?(t,l,e,q, or ?) 
\e 
what % for high growth rate? 
rate 
\5 
type of model for low load forecast?(t,l,e,g, or ?) 
\1 
what % for low orowth rate? 
rate 
\2 
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,-----------------------, I Next, the user decides 1 
to run a comparison : 
study to find out if : 
the shortage in 82 is : 
strongly affected by : 
the load forecast. : 
The study is called : 
"loadstdy." : L ______________________ J 
1-----------------------, 
: The user specifies 5% : 
: exponential as the : 
: high forecast and 2~ : 
: as the low forecast. : I __ ~ ____________________ .J 
confidence that loads will lie between these limits, expressed as a % ?( 
must be between 50 and 99.99) 
lspecs (8) 
\95 
initial load in 77 (Ave. MW) 
Ispecs (7) 
\1000 
submodel to be changed?(l,t,h,o,a, or ?) 
\d 
list input data in order to verify it? (y or n) 
\n 
are you rGady to run?(y or n) 
\y 
pause after each year is computed?(y,n, or ?) 
\n 
year 77 - 78 
shortage probability= 0.0407 
year 78 - 79 
shortag~ probability= 0.0814 
year 79 - 80 
shortage probability= 0.0947 
year 80 - 81 
shortag~ probability= 0.0659 
year 81 - 82 
shortage probability= 0.1223 
year 82 - 83 
shortage probability= 0.3686 
yea r 83 - 84 
shortage probability= 0.0302 
year 84 - 85 
shortage probability= 0.0597 
year 85 - 86 
shortage probability= 0.2272 
save this run?(y or n) 
\y 
enter a description of how this run differs 
\lower load forecast (between 2% and 5%) 
run saved on s~udy file loadstdy 
run another alternative?(y or n) 
\y 
make desired changes in the model 
add resources?(y or n) 
\n 
from the 
r----------------------, 
: He indicates a high : 
: (95%) confidence in : 
: this range, and enters: 
: the initial load. : L ______________________ ~
.----------------------. 
: He is now ready to : 
I recompute. "Pause" is : ! not requested because : 
: the user wants to : 
: leave the terminal for: 
: a few minutes. : ~ ______________________ J 
r----------------------, 
I The revised probabil- : 
: it.ies are printed as : 
: they are calculated. : 
~----------------------~ 
1----------------------, 
: The run looks good, : 
: so it is saved. A : 
: ciescription or the new: 
: load forecast is : 
: entered. : 
~----------------------~ base run 
r----------------------, 
: The description and : 
: revised resul ts are : 
: saved on the study : 
: file. : 
L~ _____________________ J 
submodel to be changed?(l,t,h,o,d, pr ?) 
\t 
which aspect? (g,e,m,a,d, or ?) 
\g 
which plant? Cd if done, ? to list plants) 
\n'i!wnuc 
,---------------------------, I The user wants to run I 
, another alternative to see I ! if an increased share of I 
, "newnuc" would help. , ~---------------------------~ 
enter: ·plant name (up to 8 char. enclosed in single quotes), size (peak 
MW), , owned by companyU 
\-newnuc',1000,50 
which plant? Cd if done, ? to list plants) 
\d 
which aspect? (g,e,m,a,d, or ?) 
\d 
submodel to be chanqed?{l,t,h,o,d, or ?) 
\d 
list input data in order to verify it? (y or n) 
\n 
are you ready to run?!y or n} 
\y 
years 77 to 81 are not chanqed 
pause after each year is computed?(y,n, or ?) 
\y 
year 82 - 83 
shortage probability= 0.3315 
want more info?(y or n) 
\y 
mean load is 1192 
,-----------------------------, I No other changes are made. I ~ ___________________________ J 
,------------------------------, I Some years are not changed. : ~ ___________________________ J 
min margin= 
median= 
probe of 
probe of 
probe of 
probe of 
-308 max mara in: 462 margin range= 
55 mode= 47 mean= 59 stddev= 
770 
126 
plot?(y or 
\n 
5 % of mean load short- 0.1783 
10 % of mean load short- 0.0771 
100 mw short= 0.1037 
200 mw short= 0.0170 
n) 
year 83 - 84 
shortage probability= 0.0028 
want more info?{y or n) 
\n 
year 84 - 85 
shortage ~robability= 0.0061 
;----------------------------, I The others are recomputed. I 
I A detail is again requested I 
I for 82. I ~___________________________ J 
want more info? (y or n) ----------------------------, \n The run is saved on the : 
year 85 _ 86 study file, with an : 
shortage probability= 0.0497 appropriate description. : 
want more info?(y or n} No more alternatives are to ! 
\n be run, so the computer , 
save this' run? (y or n) prints the report : \y d~!?~~~~~_~~.: ______________ j 
enter a description of how this run differs from the base run 
\lower loads, and hi9her participat~on in newnuc 
run saved on study file 10adstdy 
run another alter~ative?{y or n) 
\n 
do you want an unformatted copy of the results riaht now?(y or n} 
\n 
how many copies of the report do you want? (0 to 10) 
\1 
JOB EAMoO,S4 ENTERED SCHEDULE QUEUE AT l6:1S:08 77.123 
you will be contacted when the report is done 
mode?{c,f,m,n,d, or ?) 
\d 
~----------------------------I I I End of session. I 
-----------------------______ 1 
type "logout" to disconnect from a dial-up terminal, otherwise tyee "loa 
out (resume) " 
\logout 
TIME 16:17:09: TIME USED: CPU 00:01:14; TERM 00:42:35; PAGE 07:39:37; 
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APPENDIX D 
ROUND ONE DELPHI SURVEY QUESTIONNAIRE 
Pacific POI-ler & Light Company is conducting a survey to obtain infor-
mation to help estimate the uncertainty of the forecasted date of arrival of 
new power plants in the Northwest. Pacific feels that this uncertainty worsens 
the Northwest's future energy pictur~, and that explicit recognition of arrival 
uncertainty will enable Northwest utilities to better document the need for new 
power plants. 
The final results of the survey, with appropriate qualifying remarks 
and disclaimers, will be forwarded to each respondent and other parties needing 
the inforl:1ation. 
We would appreciate your spending a few moments filling in the attached 
data sheets. If you have any questions regarding this survey, please feel free 
to contact us. Thank you for your assistance. 
Very truly yours, 
L. R. Arnoldi 
Manager of Resource Planning 
LRA: lms 
A DELPHI SURVEY OF NEW PLANT AFL~lVAL DATES - ROUND ONE 
Various Northwest utilities and the Northwest Power Pool feel that 
area planning should explicitly account for the possibility that plants may 
be delayed (or accelerated). It would be inconsistent to carefully account 
for the possibility of low streamflow conditions while ignoring the possi-
bility of thermal plant delays. 
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Consequently, the NWPP staff has developed a probability model ylhich 
accounts for the uncertainties associated with plant arrival time. plant energy 
capability and streamflow. 
Pacific is currently developing a similar model. Both models need 
up to date estimates of the arrival uncertainty of planned power plants. 
Some power plants are virtually certain to arrive within a fe .... months 
of their scheduled arrival. '-lhile other plants are much less predictable. 
Pacific has examined available studies on plant arrival and cannot find any 
substantiated estimates of this arrival uncertainty for different types of 
plants. Sufficient historical data on slippages in the early planning stages 
of a plant are not available, which rules out ordinary statistical techniques 
as a means to determine arrival uncertainty. 
1bus, to better document and substantiate the uncertainty of plants 
arriving on schedule, Pacific feels that we must rely on the judgment of knoYll-
edge<ible jndividuals. To collect these individual opinions, we feel that the 
"Delphi" mcthod l is most appropriate, especially considering the sensitive 
nature of the subject--\,hich necessitates respondent anonymity. It has been 
show71 that Delphi can effectively combine the subjective opinions of 11 panel 
of knowledgeable persons and steer them towards a concensus. 2 
The Delphi to be administered here begins with a set of questions 
regarding the arrival dates of power plants in the Northwest. Please answer 
thp.1n based on your own experiences, judgment,and knowledge regarding each 
plant. The date of scheduled commercial operation and the probable energy 
date determined by PNUCC Task Force Six are given as a reference only; your 
answers need not be reconciled with them. Appropriate comments would be most 
helpful. Please make a note cf your answers so you can refer to them later. 
Please direct your completed survey to: 
Leon Arnoldi 
Pacific PO~"er & Light Company 
Puulic Service Building 
Room 1110 
Portland. Oreeon 97204 
1. See Jhe Delphi Nethod_ - Techniques and Applications, edited by Linstone 
and Turoff, Addison-Wesley. 1975. page 4. 
2. Ibid, page 108. 
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Pacific will place the completed survey in a stack, with no infor-
mation to identify it witll any particular respondent. When all of them have 
been returned, the median answer and range of answers for each question will 
be determined. The comments will be compiled and summarized, and a Round Two 
questionnaire will be designed and sent to you. This questionnaire will give 
the panel's response and comments for each question. You will be asked to 
review your previous answers andre-enswer the questions, making any changes 
inspired by seeing the group's response and comments. 
Round Two will be processed in a similar fashion and, if necessary, 
a third round prepared. In any case, the final results will be concisely 
summarized and forwarded for your perusal. 
Pacific will then use the survey results to compute the arrival 
uncertainty of each plant, which it needs for energy resource planning. Other 
utilities and the Northwest Power Pool Coordinating Group may wish to do the 
same. 
Plant N arne :_.::WN~P~l _____ _ 
Scheduled commercial operation is __ ~3~/~8~1~ __________________ _ 
The probable energy date is ___ ~1~0~/~8~2~ ________________ _ 
a) Are you familiar wi th this plant? 
LJ very I I somewhat I I not very 
b) In your op1n:l.On, whDt is the mos.!. lik~ date (month, year) for the 
plant to begin operating commercially? 
c) ~lliat is your estimate of the earliest conceivable date for the plant 
to become commercial? 
d) Hhat is your estimate of the latest possible date for the plant to 
begin conwcrcial operation? 
e) tvhat are chances that the plant won't be built? 
I / none / I 2% I I 5% 
/ I 10% I I 20% i I 50% 
f) Please conrnent on factors which influenced your answers . 
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. ------------------------------------------------
------_._-------------- ------------
PI ant N arne : __ WN_P_3 ______ _ 
Scheduled commercial operation is ___ 3_1_8_2 _________ _ 
The probable energy date is _~9~/8~3 ___________ __ 
a) Are you familiar with this plant? 
lIvery / 1 somewhat 1 1 not very 
b) In your op~n~on, what is the most likely date (month, year) for the 
plant to begin operating commercially? 
c) What is your estimate of the earliest conceivable date for the plant 
to become commercial? 
d) What is your estimate of the latest possible date for the plant to 
begin conmercial operation? 
e) What are chances that the plant won't be built? 
1 1 none 1 1 2% / / 5% 
1 1 10% 1 1 20% I I 50% 
f) Ph'ase :"JnDnc;-.:: un factors which influenced your answers. 
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PI an t N arne: _:::.Sk:::.a:::,gC>.i::..t::.....;I~ ____ _ 
Scheduled commercia! operation is __ ~7~/~8~3 ______________________ _ 
The probable energy date is ____ .=,8:...1.=,8:;.3 __________ _ 
a) Are you familiar with this plant? 
/ 1 very 1 1 somewhat 1 1 not very 
b) In your op~lUon, what is the most likely date (month, year) for the 
plant to begin operating commercially? 
c) What is your estimate of the earliest conceivable date for the plant 
to become corrnnercial? 
d) What is your estimate of the latest possible date for the plant to 
begin commercial operation? 
e) What are chances that the plant won't be built? 
1 1 none 
/ / 10% 
,-, 
-'-" 
1 / 
?% 
20% 
1-' 
-" -' 
LI 
f) Please comment on factors which influcpced your answers. 
5% 
50% 
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Plant Name: Pebble Springs 1 
Scheduled connnercial operation is ___ 7:..../:...:8::.:5~ ________ _ 
The probable energy date is __ ~7~/~8~5~ ________ __ 
a) Are you familiar with this plant? 
/ / very LI somewhat I I not very 
b) In your oplnlon, what is the most likely date (month, year) for the 
plant to begin operating connnercially? 
c) What is your estimate of the earliest conceivable date for the plant 
to become connnercial? 
d) Hhat is your estimate of the latest possible date for the plant to 
bCBin commercial operation? 
e) ~1at are chances that the plant won't be built? 
/ / none / / 2% I I 5% 
/ / 10% / / 20% I I 50% 
f) Ple:ase connnent on factors which influenced your answers. 
-------------------------------------------------
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APPENDIX E 
ROUND TWO DELPHI SURVEY QUESTIONNARIE 
Enclosed please find Round Two of the Delphi survey of new 
plant arrival dates. We appreciate the effort you took in filling out 
Round One and hope you will find Round Two both interesting and i.nformative. 
We would appreciate receiving the Round Two questionnaire by November 24, 
1976. 
If you have any questions regarding this survey, please feel free 
to contact us. 
Thank you for your assistance. 
LRA:1ms 
Enclosure' 
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A DELPHI SURVEY 0F NEW PLANT ARRIVAL DATES - ROUND TWO 
Most of the Round One questionnaires have now been received. They 
have been processed and a Round Two questionnaire has been prepared. The Round 
Two questionnaire includcs specific results and comments from Round One, and 
th~n asks for your present answers. You are free to reiterate your previous 
answers or make revisions. 
Some general results from Round One will be summarized in the following 
paragraphs. We received comments indicating that: it is inconsistent to ask for 
both the latest arrival date and the chances that the resource will not be built. 
We have resolved this problem by changing the wording of the question that asks 
for the latest arrival date. 
We also found that the respondent's familiarity with the plant hnd 
little or no correlation with his response. Thus, we have eliminated the question. 
A respondent may still communicate his familiarity via his comments if he so 
desires. 
It was apparent from the comments that the nuclear "ban" referendums 
wcre key determinants of whether or not a particular plant will be built. Thus, 
we have waited until after election day to send out Round Two. We anticipate 
significant changes in the chances that certain plants may not be built. 
Some other connnents were voiced relative to all of the plants in 
gcneral. The following factors will tend to delay all of the nuclear plants 
in the Northwest: the DC court hearings on waste cycle analysis and fuel 
cycle analysis, hearjng delays due to intervention, the NRC moratorium on licensing, 
anticipated marginal productivity of construction crews, and limited craft anel 
labor availability in the NW. On the other hand, energy shortages will probably 
occur in the late 70's and early 80's; this will exert strong forces to keep 
plants on schedule or even bring them in early. 
The following pages deal with specific power plants. You may wish to 
refer to your Round One ansl.ers I.hen completing Round Two. Please feel free to 
revise your answers in light of any ne.l information available to you. 
Direct your completed survey to: 
Leon Arnoldi 
Pacific POHer c( Light Company 
Public Service Building 
Room 1110 
Portland, Oregon 97204 
by November 24, 1976. 
Pacific will process the questionnaires as in Round One, and determi ne 
if a third round is necessary. If so, He will prepare a Round Three questionnaire 
and send it out. When the survey is cor.lplcte, the final results will be concisely 
summarized and forwarded for your perusal. 
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Plant Name: Skagit I 
Comments from Round One: 
- Oregon DOE report in January will have strong impact. 
- Has no state approval. 
- Seismic design criteria uncertainty may cause delays. 
- The specific contracting arrangement may cause delays. 
- The lvestern Wash. location may work against it. 
Scheduled commercial operation is _...:7..!/...:8:..;3==--___ _ 
Probable energy date is ~...:8...:3 ____ __ 
a) Nost likely date for conunercial operation. 
2/3 of respondents answered between 7/84 and 7/85 (median 2/85). 
I,That is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
b) Earliest date for commercial operation. 
2/3 of respondents answered between 8/83 and 7/84 (median 2/84 ). 
What is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
c) Latest date for commercial operation (if project isn't abandoned). 
2/3 of respondents answered between 7/85 and 8/86 (median 3/86 ). 
What is your present estimate? 
If outside of the indicated range, your comments would be- most helpful: 
d) Chances that the plant won't be built. 
2/3 of respondents answered between 5% and 
\o.That is your present estimate? 
If outside of the indicated range, your comments 
------------
20% (median 20% ). 
would be most helpful: 
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Plant Name: Pebble Springs 1 
Con~ents from Round One: 
- Plant that far out is certain to slip'more; permit battles just beginning. 
- Distant schedule gives time to make up for early delays. 
- Plant has received bad publicity. 
Scheduled commercial operation is _-,8~/L!8~5~ ___ _ 
Probable energy date is ~~ __ 
a) l-lost 1 ik~ date for commercial operation. 
2/3 of respondents answer~d between 7/85 and 7/87 (median ~~). 
tfuat is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
b) Earliest date for commercial operation. 
2/3 of respondents answered between 12/83 and 12/85 (median 3/85 ). 
What is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
c) Latest date for commercial operation (if project isn't abandoned). 
2/3 of respondents answered between 12/85 and 7/89 (median 5/87). 
What is your present estimate? 
If outside of the indicated range, your comments would bfr most helpful: 
d) Chances that the plant won't be built. 
2/3 of respondents answered between 10% and 20% (median 20% ). 
What is your present estimate? 
If outside of the indicated range, your COCl!Ilents ,,'ould be most helpful: 
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Plant Name: WPPSS 1 
Corrnnents from Round One: 
- Delays will continue to be encountered because of the diverse interests of the 
WPPSS board of directors, and their necessity to approve even minor changes. 
- Is the last plant in m~ to receive limited work authorization, which will 
spur its construction. 
- Marginal WPPSS - AE contractor relations may slow construction. 
- Lack of final design may slow construction. 
Scheduled commercial operation is __ ~9~/~8~1~ ______ _ 
Probable energy date is IO/8~2~ __ _ 
a) Most likely date for commercial operation. 
2/3 of respundents answered between 6/82 and 7/83 (median --.ll8l._). 
What is your pr~sent estimate? 
If outside of the indicated range, your corrnnents would be most hel?ful: 
b) Earliest date for com~ercial operation. 
2/3 of respondents answered between 3/82 and 1/83 (median 7/82 ). 
What is your'present estimate? 
If outside of the indicated range, your comments would be most helpful: 
c) batest date for commercial operation (if project isn't abandoned). 
2/3 of )-espondents answered between 10/83 and 7/84 (median 1/84). 
\,That is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
d) Chances that the plant won't be built. 
2/3 of respondents answered between 0% and 2% (median 0"1, ). 
Whar is your prese~c 2stimate? 
If outside of the indicated range, your comments would be most helpful: 
Plant Name: WPPSS 3 
Comments from Round One: 
- Latest WPPSS schedule accounts for the j~pact of recent licensing problems, 
thus the current schedule should be accurate. 
178 
- Field changes due to licemling problems and design changes (eg seismic criteria) 
will extend schedule. 
- Western Washington location will be a deterrent. 
- WPPSS commercial practices could slow construction. 
Scheduled commercial operation is __ 5~/:......;;..8.;;,.3 ___ _ 
Probahle energy date is _9~/_8_3 _____ _ 
a) Nost likely date for commercial operation. 
2/3 of respondents answered between 3/84 and 7/84 (median 5/84 ). 
\-That is your present e$timate? 
If outside of the indicated range, your comments would be most helpiul: 
b) Earliest date for commercial operation. 
2/3 of respondents answered between 9/83 and 2/84 (median -1Qi§2). 
What is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
c) Latest date for commercial operation (if project isn't abandoned). 
2/3 of respondents answered between 3/85 and 12/85 (median 7/85 ). 
mlat is your present estimate? 
If outside of the indicated range, your comments would be most helpful: 
d) Chances that the plant won't be built. 
2/3 of respondents answered between 5% and 
\-That is your present estimate? 
If outside of the indicated range, your comments 
20% (medi.an _10% ). 
would be most helpful: 
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